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Sir: 



FIRST DECLARATION OF FINDLAY E. RUSSELL, M.D., PH.D. 
UNDER 37 C.F.R.§ 1.132 



I, Findlay E. Russell, M.D., Ph.D., do hereby declare and say as follows: 

1 . I am a citizen of the United States and am currently a resident of the 
United States. 

2. I received a B.A. from Walla Walla College in 1941 . 

3. I received an M.D. from Loma Linda University in 1950. 

4. I received a Ph.D. from the University of Santa Barbara in 1974. 

5. I am currently Research Professor of Pharmacology and Toxicology at the 
University of Arizona in Tucson, Arizona. 



6. I have held teaching and research positions in several universities and 
government agencies in the fields of physiology, neurology, pharmacology, toxicology, 
and toxicology. These positions are listed on my Curriculum Vitae, which is attached as 
Exhibit 1. 

7. I currently hold positions in numerous societies in the fields of physiology, 
neurology, pharmacology, toxicology, toxinology, and herpetology. These positions are 
listed on my attached curriculum vitae and include the following: 

Fellow, Royal Society of Medicine 

Fellow, International Society of Toxicology (Pres. 1961-1966); 
Fellow, Herpetology, Natural History Museum (London; 
Member, American Academy of Clinical Toxicology 

(Theines Award, 1965); and 
Member, Western Pharmacology Society (Pres. 1972-1973). 

8. I have received numerous honors and awards, which are listed on my 
attached curriculum vitae. Many of these honors and awards relate to my work with 



venoms, and they include the following: 



Chairman, Ad Hoc Committee on Snakebite, 

National Academy of Medicine, 1962; 
Chairman, Ad Hoc Committee on Marine Fish Poisoning 

World Health Organization, 1972, 1976; 
Member, Ad Hoc Committee on Snake Antivenoms, 

World Health Organization, 1969, 1979; 
Co-Chairman, National Seminar on Protein Chemistry, 

Snake Venom and Hormonal Protein, US-ROC, 

National Science Foundation, 1978; 
Editor, Toxicology Newsletter, 1955-1960; 
Editor, Toxicon . 1 962-1 970; and 

Corresponding member of Academy of Sciences of Yugoslavia, Slovenia. 
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I have served as a consultant on venoms and venomous animals to the 
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following organizations: 

National Academy of Sciences; 

American Medical Association; 

American Association of Poison Control Centers; 

U.S. Armed Forces; 

International Red Cross; 

National Science Foundation; 

National Institutes of Health; 

Office of Naval Research; 

NASA; 

FDA; and 

the World Health Organization. 

10. I am a coauthor of 370 papers, 26 textbook chapters, and 9 books in the 
fields of toxicology, toxicology, pharmacology, physiology, and medicine. 

11. A substantial part of my 47-year professional career has been directed to 
research in the field of pharmacology and toxinology, particularly to research involving 
snake venoms, their in vivo effects in humans, and treatments for snake envenomation. 

12. I am a co-inventor of U.S. Patent Application No. 08/405,454, filed 
March 15, 1995 ("the subject patent application"). 

13. I have read the subject patent application and the June 19, 1997 Office 
Action (Paper No. 29). I have been asked to provide the following comments regarding 
this patent application and Office Action. 

SNAKE VENOMS 

14. A venom is a toxic substance produced by a plant or animal in highly 
specialized cells or an organ and usually delivered through a biting or stinging act. 
Although venoms can be simple substances, as in some marine animals, in snakes 
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they are often very complicated mixtures of individual toxins, including proteins of large 
and small molecular weights, phospholipases, hyaluronidase, collagenase, 
acidocologanase, l-amino acid oxidase, hydrolyses, nucleotideases, lipids, 
metalloproteins, free amino acids, steroids, aminopolysaccharides, amines, quinones, 
5-hydrorytryptophan, and other substances. For example, snake venoms of the family 
Crotalidae comprise at least 20 different compounds. In some Crotalus sp. snake 
venoms, there may be 100 different protein fractions, 25 of which may be enzymes. 
Due to their complexity, the full composition of snake venoms is unknown. 

1 5. Not only is the full composition of snake venoms unknown, but the 
pharmacological effects of some constituent toxins unknown. Although the individual 
components of some snake venoms are known to have pharmacologic activities, 
including hematologic, cardiotoxic, neurotoxic, and other properties, each component 
may have more than one of these activities, and components may have different 
actions on different cell types. Furthermore, some of the more important reactions in 
humans to Crotalus envenomation are autopharmacologic or the result of synergisms 
between different venom components. As a result, of the at least 100 known 
components of Crotalus snake venoms, less than 20 compounds have known 
pharmacologic activities. Russell, F.E., Snake Venom Poisoning . 139 (1980)(attached 
as Exhibit 2). 

16. Indeed, it would have been clear to a researcher in the field that we used 
the term "venom" in the subject patent application to mean a venom comprising several 
different toxins, not just a single toxin. Each venom discussed in the application 
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contains several toxins. Furthermore, the application specifically discusses isolating 
specific venom proteins (toxins) from the snake venom. Specification at 6, last 
sentence. Accordingly, a researcher in the field would have understood from the 
subject patent application that we used the term "venom" in the subject patent 
application to mean a mixture of toxins, not a single toxin isolated from a venom. 

1 7. The term "antivenin" was first used to identify the first antiserum for snake 

venom poisoning, and we specifically defined "antivenin" in the specification in this way: 

Antivenin is a suspension of venom-neutralizing antibodies 
prepared from the serum of animals (typically horses) 
hyperimmunized against a specific venom or venoms. 

Specification at 4, lines 19-22. Although the terms "antivenin" and "antivenom" are 

often interchanged, researchers in the field now use the term "antivenom" because the 

World Health Organization ("WHO") has decided that "antivenom" is the preferred term. 

WHO/B5/80-1292 BLG/VEN/80.1 Rev. 1 (attached as Exhibit 3). Indeed, although I 

was one of the dissenters in the WHO vote and prefer the term "antivenin," I have 

previously indicated that the terms "antivenin" and "antivenom" are interchangeable: 

"ANTIVENIN (ANTIVENENE, ANAVENIN, ANTIVENIMEUX, ANTIVENIN I UM, 

ANTIVENOM) . . . ." (Russell, F.E., Snake Venom Immunology: Historical and 

Practical Considerations . 7 J. Toxicol. -Toxin Reviews 1, 75 (1988)(attached as 

Exhibit 4). 

1 8. At the time of the application, the only commercially available antivenom 
for envenomation by North American snakes of the family Crotalidae was Antivenin 
(Crotalidae) Polyvalent (equine origin) (Wyeth Laboratories, Philadelphia, PA ("ACP"). 
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Since this was the only commercially available antiserum for snakes in the United 
States, it was sometimes referred to as simply "antivenin." However, it would have 
been clear to a researcher in the field that our recitation of "antivenin" in the 
specification did not refer to ACP because, among other reasons, we specifically 
compared our claimed antivenom to ACP in the specification at page 23, lines 5-15. 

Prior Treatment of Crotalidae Envenomation 

19. Approximately 8,000 people are bitten by venomous snakes in the United 
States each year. Most of these people are bitten by Crotalus, a genus of the family 
Crotalidae. Before the advent of pharmacological methods of treating snake 
envenomation, it is estimated that bites from Crotalus resulted in approximately 7% 
mortality. 

20. The most effective and most common treatment of Crotalidae 
envenomation is the administration of an antivenom. The first reported use of a snake 
antivenom in humans occurred in the late 19th century. The only commercially 
available antivenom for North American Crotalidae is ACP, which first became available 
in 1947. Soon after the development of the first antivenoms, doctors recognized that 
they could result in serum sickness, an allergic reaction to the antisera that was 
sometimes more deleterious than the venom itself. Over 75% of patients treated with 
ACP develop serum sickness. The danger from serum sickness can be so high that 
physicians may not administer antivenom for some cases of envenomation. Indeed, 
ACP can only be obtained in a kit that also contains test serum for possibly detecting 
serum sickness before administering the antivenom. 



21 . The serious deficit of serum sickness with antivenom has long contributed 
to extensive research on modifying existing antivenins or developing new antisera. 
Since the serum sickness results from immune reactions of the patient to the 
immunoglobulin component of the antivenom, which actually binds to the venom toxins, 
much of this research focused on using fragments of immunoglobulin molecules that 
may not provoke a immune reaction. 

22. As the figure attached as Exhibit 5 shows, a molecule of immunoglobulin 
comprises two heavy chains and two light chains with the heavy chains linked by two 
disulfide bonds at their hinge region. Each light chain forms an antigen binding site with 
the corresponding heavy chain at the end furthest from the hinge region. 

23. Cleavage of immunoglobulin with pepsin cleaves the IgG molecule below 
the disulfide bonds, resulting in a single Fc fragment and a single F(ab) 2 fragment 
(sometimes called an F(ab)' 2 fragment), which contains the two antigen binding sites. In 
contrast, cleavage of IgG with papain cleaves the immunoglobulin molecule above the 
disulfide bonds, resulting in a single, larger Fc molecule and two Fab fragments 
(sometimes called F(ab) fragments), each containing a single antigen binding site. 
Specification at 2, lines 25-43. 

24. In the 1960s, researchers began experimenting with antivenins 
comprising F(ab) 2 fragments. These became commercially available in 1969. Although 
these F(ab) 2 antivenoms produced less serum sickness, as would be expected from 
their smaller size, such antivenoms appear less effective than antivenoms comprising 
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whole immunoglobulin. Consequently, Crotalidae antivenoms comprising F(ab) 2 

fragments were not produced in the United States. 

Antivenoms Comprising Fab Fragments 
Were Expected to Fail 

25. As of 1984, no significant improvements in antivenoms had been made 
since antivenoms comprising F(ab) 2 fragments became available in 1969. Significantly, 
although serum sickness had long been recognized as a major problem with 
antivenoms, and although smaller antibody fragments had long been known to be less 
immunogenic, no researcher developed an antivenom comprising the smaller Fab 
fragments. The development of antivenoms comprising antibody fragments stopped at 
the larger F(ab) 2 fragments because researchers in the field expected that Fab 
fragments would be less effective than F(ab) 2 fragments. Indeed, those researchers 
expected that Fab fragments would actually increase the lethality of a Crotalidae 
venom. 

26. Researchers in the field were concerned that antivenoms comprising Fab 
fragments would be less effective than antivenoms comprising F(ab) 2 fragments 
because: 1 ) the Fab fragments would not prevent the various venom toxins from 
binding to their site of action as well as the F(ab) 2 fragments; 2) the Fab fragments 
would not precipitate the various venom toxins; and 3) the Fab fragments would not 
neutralize sufficient venom toxin before being cleared due to their short half-life. 

27. Immunoglobulins neutralize toxins in several ways. For example, they 
bind specifically to epitopes present on the toxins. In the case of a polyclonal 
antivenom, this may involve several epitopes present on more than one antigen. These 
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antigen-antibody complexes are readily eliminated by the reticuloendothelian system, or 
by other mechanisms. 

28. Since F(ab) 2 fragments contain two antigen binding sites, like whole 
immunoglobulin, they are able to sterically hinder and precipitate venom toxins 
essentially as well as whole immunoglobulin. In contrast, since Fab fragments have 
only one binding site, they cannot sterically hinder the venom toxins from binding to 
their tissue active sites, and they cannot precipitate the venom toxins. Sell, S., Basic 
Immunology: Immune Mechanisms in Health and Disease . 89, Fig. 6-3 (1987)(attached 
as Exhibit 6). As a result, it was felt that Fab fragments may bind to venom toxins, but 
the Fab-venom toxin complex might remain in solution because it is not precipitated, 
and the venom toxin might still bind to its tissue active site despite being bound to the 
Fab fragment. Thus, researchers in the field expected that antivenoms comprising Fab 
fragments would be less effective than those comprising F(ab) 2 fragments. 

29. Furthermore, researchers in the field expected that antivenoms 
comprising Fab fragments would not be as effective as antivenoms comprising F(ab) 2 
fragments because Fab fragments have a much shorter half life than F(ab) 2 fragments 
in vivo. Venom components are usually injected into subcutaneous tissues. Since 
many of the venom toxins are large, hydrophobic molecules, they are slowly released 
from these injection areas. This results in the "venom depot effect" where toxins are 
continuously released into the systemic circulation long after the initial bite. 

30. The molecular weight of an Fab fragment is in the range of 45-55 kd. As 
can be seen from Exhibit 5, the molecular weight of an F(ab) 2 fragment is over twice the 
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molecular weight of an Fab fragment and approximately the same molecular weight as 
a whole IgG. As a result of these differences in molecular weights, Fab fragments are 
eliminated much more quickly than F(ab) 2 fragments and whole IgG. Unbound Fab 
fragments are small enough to be removed by the renal system. Consequently they 
have a half-life of about 17 hours. Indeed, Fab fragments are completely eliminated in 
only 24 to 26 hours. 

31 . In contrast, F(ab) 2 fragments and whole IgG are too large to be eliminated 
by the renal system. Consequently they have a much longer half-life, approximately 
50 hours. The much shorter half-life of Fab fragments compared to the half-life of 
venom toxins and compared to the half-life of F(ab) 2 fragments led researchers in the 
field to expect that antivenins comprising Fab fragments would not be effective against 
Crotalidae envenomation. 

32. Not only did researchers in toxinology and pharmacology believe that 
antivenoms comprising Fab fragments would be less effective than antivenoms 
comprising F(ab) 2 fragments, they expected that antivenoms comprising Fab fragments 
would actually be harmful. They expected that the Fab fragments that did bind venom 
toxins during their short half-lives would not only fail to precipitate the venom toxins, but 
would actually redistribute the venom toxins to organs where the toxins might 
concentrate. 

33. The binding of whole IgG, F(ab) 2 fragments, and Fab fragments to venom 
toxins is a dynamic process; even at a state of equilibrium, individual venom toxins are 
constantly being bound and released. The 45-55 kd molecular weight of an Fab 
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fragment is close to the upper filtration limit of the kidney. As stated, Fab can be 
cleared by the renal system, but the higher molecular weight F(ab) 2 fragments and 
whole IgG cannot. Whole IgG and F(ab) 2 fragments are instead cleared by the 
reticuloendothelial system and the liver, as are any unbound venom toxins. 

34. In addition to allowing Fab fragments to be eliminated by the renal 
system, resulting in a shorter half-life, the small size of Fab fragments, as compared to 
F(ab) 2 fragments, also allows Fab fragments to reach more parts of the body. 
Researchers in the field were concerned that this rapid clearance and larger volume of 
distribution of Fab fragments compared to F(ab) 2 fragments would cause what would 
have been merely a localized toxicity to become a systemic toxicity, perhaps resulting in 
death. 

35. Researchers in the field also expected that the larger volume of 
distribution of the Fab fragments would allow Fab fragments to bind the venom toxins 
earlier than F(ab) 2 fragments could. In addition, Fab fragments could bind venom toxins 
that F(ab) 2 fragments could not reach. As the bound Fab-toxin complex circulated 
throughout the body, however, Fab fragments would periodically unbind from the toxins 
in their state of equilibrium. The unbound Fab fragments would be rapidly eliminated by 
the renal system, which could not eliminate the large Fab-toxin complexes. Since the 
size of the Fab-toxin complex would be too great to leave the circulatory system, 
researchers were concerned that the deposited toxin would be concentrated in areas of 
high blood flow, especially the kidneys, heart, nervous system, and lungs. Thus, 
venom toxins that would have been released slowly from the bite site due to the venom 
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depot effect would be concentrated in these areas of high blood flow. In other words, 
the Fab fragments would effectively serve as a taxi, redistributing and concentrating 
these venom toxins from subcutaneous muscles and fat to the kidneys, heart, nervous 
system, and lungs, which would not have otherwise received a high dose of these 
toxins. 

36. This concern was not merely a theoretical concern, as was later 
demonstrated by Faulstich et ai Faulstich et a/., Strongly Enhanced Toxicity of the 
Mushroom Toxin <*-Amanitin bv an Amatoxin-Specific Fab or Monoclonal Antibody . 
Toxicon, 491-499 (1988) (copy attached as Exhibit 7). Faulstich et ai conducted a 
series of studies attempting to treat ~-amatoxin poisoning with Fab fragments. Alpha- 
amatoxin is a high molecular weight toxin that is similar to some snake venom toxins. 
As a high molecular weight toxin, °<-amatoxin cannot be cleared by the renal system. 
Rather, like many snake toxins, it is cleared by the liver. Since <*-amatoxin is 
concentrated in the liver after oral ingestion, it is primarily toxic to liver cells. 

37. Faulstich et ai discovered that the Fab fragments did not decrease the 
toxicity of ^-amatoxin in mice, but rather increased the toxicity of °<-amatoxin by a factor 
of 50. id, at 497. Furthermore, the Fab fragments resulted in ~-amatoxin being 
specifically toxic to kidney cells rather than liver cells. This is exactly what one of 
ordinary skill in the art would have predicted. The Fab fragments bound the high 
molecular weight ^-amatoxin, and then unbound it in their state of equilibrium at sites of 
high blood flow. This unbinding at sites of high blood flow, especially the kidneys, 
resulted in the «-amatoxin being concentrated in these tissues. 
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38. Similarly, Balthazar et ai conducted research on Fab fragments against 
digoxin. Balthazar et ai. Utilization of Antidrug Antibody Fragments for the Optimization 
of Intraperitoneal Drug Therapy: Studies Using Digoxin as a Model Drug . 

268 J. Pharm. Exp. Ther. 734-739 (1994) (attached as Exhibit 8). Digoxin is unlike 
most Crotalidae venom toxins; it is a very small molecule. Digoxin is small enough that 
the renal system can clear the Fab-digoxin complex. Since the renal system can filter 
the Fab-digoxin complex, the Fab did not redistribute and concentrate digoxin, as one 
of ordinary skill in the art would have predicted. Accordingly, Balthazar et ai found that 
F(ab) fragments effectively treated digoxin toxicity. 

39. However, Balthazar et ai recognized the potential problems of Fab 

therapy for large toxins, like <*-amatoxin and most Crotalidae venom toxins: 

First, the alteration of drug distribution which 
accompanies antibody drug complexation may result in a 
potentiation of drug toxicities or the development of new 
drug toxicities in certain cases .... The risk of 
redistributing systemic toxicity, rather than minimizing 
systemic toxicity, should be appreciated as a potential 
outcome of the proposed approach. 

id, at 738, paragraph bridging cols. 1 and 2 (emphasis added). 

40. Accordingly, researchers in the field were concerned that treatment with 
an antivenom comprising Fab fragments would be a harmful treatment for high 
molecular weight toxins, not an advisable treatment, because the Fab fragments would 
redistribute high molecular weight toxins to areas of high blood flow, creating new 
toxicities and converting a localized toxicity into a systemic toxicity. Faulstich et ai 
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venom toxins. 

41 . Balthazar et a/, reinforced this concern by showing that this effect did not 
occur with a low molecular weight toxin that the renal system could clear as part of an 
Fab-toxin complex. Indeed, despite the effectiveness of their treatment, Balthazar et a/, 
specifically discussed their concern that Fab fragments might cause new drug toxicities 
or redistribute systemic toxicities. 

42. In sum, prior to our invention, researchers in the field did not have a 
reasonable expectation of success that an antivenom comprising Fab fragments to 
Crotalidae venom would be effective. Despite known problems with the only 
commercially available antisera for Crotalidae envenomation and much research since 
1947, no researcher had developed an antivenom comprising Fab fragments. 
Furthermore, although F(ab) 2 fragments had been used in antivenoms since the late 
1960s, those of ordinary skill in the art had not progressed beyond F(ab) 2 fragments to 
the smaller Fab fragments. 

43. Even though Fab fragments were known to be highly effective at reducing 
the serum sickness, researchers in the field did not create a Crotalidae antiserum 
comprising Fab fragments because they were sure such a product would not work. 
Researchers in the field were concerned that such an antivenom would be ineffective 
because: 1 ) the Fab fragments could not stearically hinder the Crotalidae venom toxins 
from binding to their target; 2) the Fab fragments could not precipitate the venom 
toxins; and 3) the Fab fragments had too short a half-life in vivo to be able to bind many 
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snake venom toxins. Furthermore, researchers in the field were concerned that such 
an antivenom would actually increase the lethality of Crotalidae snake venom by 
redistributing and concentrating the toxins, converting localized toxicities to systemic 
toxicities. 

The Coulter et al. Reference 

44. I understand that the Examiner has rejected the pending claims in Paper 
No. 29 over numerous references, including the Coulter et al. reference (Coulter et al., 
Simplified Preparation of Rabbit Fab Fragments . 59 J. Immun. Meth. 199-203 (1983) 
(attached as Exhibit 9)). For the above reasons, none of the references the Examiner 
has cited, alone or in combination, teach or suggest an antivenom comprising Fab 
fragments against a Crotalidae venom with a reasonable expectation of success. 

45. However, the Coulter et al. reference merits individual mention in order to 
clarify the Examiner's understanding of it. Coulter et al. used textilotoxin, "a neurotoxin" 
and the primary toxin in the venom of the Australian brown snake (Pseudonaja textilis). 
ig\ at 199, last sentence. The pending claims recite a snake of the genus Crotalus, a 
genus of the family Crotalidae. As can be seen from its name, the snake Coulter et al. 
used is not a member of the genus Crotalus, nor even of the family Crotalidae. Rather, 
it is a member of the genus Pseudonaja. Indeed, Cassarett and O'Doul's Toxicology 
teaches that Coulter et al.'s snake is an elapid, Russell, "Toxic Effects of Animal 
Toxins," Chapter 26, in Casarett and Doull's Toxicology: the Basic Science of Poisons . 
802 (5th Ed. 1996) (attached as Exhibit 10), and the elapids are of the family Elapidae, 
not Crotalidae. Snake Venom Poisoning at 5. 
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46. Furthermore, textilotoxin is simply a single toxin from Australian brown 
snake venom. As I discussed above, the terms "antivenom" and "antivenin" mean an 
immunotherapy mixture against a snake venom, not simply a single snake toxin. As I 
have also noted, snake venoms are complex mixtures of many substances, including 
many different toxins. Snake venoms, particularly those of snakes of the family 
Crotalidae, are composed of many different toxins. Each of the individual toxins can act 
synergistically in vivo and may also induce autopharmacologic reactions. Indeed, basic 
toxicology texts caution against extrapolating results from individual venom toxins to 
whole venoms. "Toxic Effects of Animal Toxins" at 802; Snake Venom Poisoning at 
168. Accordingly, one would not have expected Coulter et a/.'s results with Fab to a 
single toxin to predict similar results with Fab to a Crotalidae snake venom, including a 
Crotalus snake venom. 

47. Most importantly, Coulter et al. did not treat envenomation with their Fab 
fragments. Rather, Coulter et al. first mixed textilotoxin with their Fab fragments in vitro. 
Coulter et al. at 901 , 3rd full paragraph. Coulter et al. then injected the already bound 
Fab-textilotoxin complex intravenously. This treatment with Fab fragments resulted in 
neutralization that was essentially equivalent to the treatment with the IgG fragments, 
just as one would have expected. Since the Fab-textilotoxin mixture was injected 
intravenously, the Fab did not have the opportunity to redistribute and concentrate the 
textilotoxin in high blood flow parts. Accordingly, the Coulter et al. reference would not 
have provided a reasonable expectation of success for an antivenom comprising Fab 
fragments to any venom toxins. 
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48. Similarly the observation of Coulter et al. that enzyme-linked 
immunoabsorbent assays with higher sensitivity had been claimed when Fab is used 
instead of whole IgG would not have suggested combining any of the cited references 
with a reasonable expectation of success. As in the case of Coulter et a/.'s actual 
results, in vitro observation would have been irrelevant to the lack of expectation of 
success in vivo since the reasons one would not have had a reasonable expectation of 
success were due to the expected in vivo action of the Fab fragments. 

49. Indeed, Sorkine et al. conducted a similar experiment in 1983 by mixing 
Fab fragments with a venom of a non-Crotalidae snake prior to injection into a mouse, 
and they obtained similar results. Sorkine et al., Comparison of F(ab\ and Fab 
Efficiency on Plasma Extravasation Induced Viper aspis Venom . 33 Toxicon 257 (1995) 
(attached as Exhibit 11). This treatment resulted in a considerable reduction in capillary 
permeability. However, the Fab fragments were much less effective when they were 
administered in vivo separately from the venom. As Sorkine et al. state "these data 
showed firstly that the in vitro neutralization of the venom by immunoglobulin fragments 
does not reflect their in vivo efficiency." id Thus, the Sorkine er al. reference shows 
that one would not have expected Coulter et a/.'s in vitro neutralization results to predict 
the effectiveness of antivenins comprising Fab fragments in vivo. 

50. In 1984, no clinician or researcher expected that a Crotalidae snake 
antivenom comprising Fab fragments would be effective in treating Crotalidae snake 
envenomation. Thirty-seven years of research primarily aimed at reducing the serum 
sickness produced by ACP and fifteen years of research since the first, disappointing 
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F(ab) 2 antivenom had convinced those of ordinary skill in the art that a Crotalidae 
antivenom comprising Fab fragments would be less effective than the known 
antivenoms. Furthermore, those of ordinary skill in the art actually expected a 
Crotalidae antivenom comprising Fab fragments to increase the lethality of the snake 
venom. Accordingly, there was no expectation of success in using any Crotalidae 
antivenom comprising Fab fragments to treat Crotalidae envenomation, let alone an 
expectation of success in using a Crotalus antivenom comprising Fab fragments to treat 
Crotalus envenomation. 

I further declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true and, 
further, that these statements were made with the knowledge that wilful false 
statements and the like so made are punishable by fine, imprisonment, or fine and 
imprisonment under Section 1001 of Title 18 of the United States Code and that such 
wilful false statements may jeopardize the validity of this application or any patent 
issuing therefrom. 



Date: 



By: 



Findlay E. Russell, M.D., Ph.D. 
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spider, or fish, is the standard of reference that determines the application of 
the scientific name. The type of a nominal species is a specific specimen, 
that of a nominal genus is a nominal species, and that of a nominal family 
is a nominal genus. The type of a taxon is not subject to change except by 
exercise of the International Commission on Zoological Nomenclature. 

The word snakebite is commonly employed to denote bites by the ven- 
omous snakes. Perhaps it is more proper to limit this term to bites by ail 
snakes, whether they are venomous or not. Unfortunately, the words snake- 
bite and snake venom poisoning are so commonly interchanged in both the 
medical and lay literature that misunderstandings have arisen, as well as 
errors in clinical judgment. A bite by a venomous snake can, of course, be 
called a snakebite, but it is more properly called a venomous snake bite. A 
bite by a venomous snake, in which envenomation has not occurred, as is 
so often the case, might be termed venomous snake bite without enven- 
omation. But a bite by a venomous snake, in which poisoning has occurred, 
should be identified as snake venom poisoning, which thus separates it as 
a distinct entity. 

The words legitimate and illegitimate are often used to differentiate a bite 
that occurs as a natural event in the wild, or in "persons who have no intention 
of indulging in so unnecessary a risk,"' 1 from a bite that occurs in a person 
who, for one reason or another, is handling a venomous snake. In our own 
practice, probably 40 per cent of all bites by venomous snakes that we have 
treated fall into the latter group. This, however, would certainly not be the 
average for most physicians. 

The term exotic snake is used by herpetologists to denote a non-native 
United States species, "a snake foreign to this country." There are few snakes 
more exotic than the rattlesnake, but the term is still applied only to foreign 
snakes. The term exotic antivenins is sometimes used to identify antivenins 
for non-United States species. However, there is nothing particularly exotic 
about these antivenins. 

Some snakes spit or spray their venom and are called spitting snakes. 
There are several such species; Naja nigricollis and Hemachatus haem- 
achatus are the most well known. Spitting is an act of venom discharge 
unique to some elapids, which spit or spray their venom as part of a defensive 
act (see pp. 353-361). 

Venomous snakes are usually identified by family: Colubridae, Elapidae, 
Hydrophiidae, Viperidae, or Crotalidae. By the rules of nomenclature, the 
family name is written in lower case, and the first letter is capitalized. The 
next category below family level is the genus. The genus name is written ip 
italics, and the first letter is capitalized. The next level below the genus is the 
species, which is also italicized, and the first letter is lower case. Some species 
have subspecies, and their names are also written in italics, and the first letter 
is lower case. Common names are written in lower case, as is the custom in 
most texts of biology. In some medical texts they appear in italics, but this 
practice should be avoided. 
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venoms 




Upon the first sight I could discover nothing but a parcel of small salts nimbly floating 
in the liquor; but these saline particles were now shot out as it were into crystals of 
an incredible tenuity and sharpness, with something like knots here and there, from 
which they seemed to proceed: so that the whole texture did in a manner represent 
a Spider's web, though infinitely finer, and more minute; and yet withal so rigid were 
these pellucid spicula, or darts, that they remained unaltered upon my glass for 
several months. [Mead] 1 

A venom is a toxic substance produced by a plant or animal in a highly 
developed secretory organ or group of cells, and one which the animal can 
deliver during a biting or stinging act. Venoms may be very simple sub- 
stances, or like snake venom, they may be very complicated mixtures of 
different substances. The words toxin and venom are often interchanged, 
although most investigators use the former when describing the whole or 
crude poison, and the latter for some component part. The words venom 
and poison are also interchanged (see p. 3). 



Function 

A venom may have one or several functions in an animal's armament. It may 
play a role in offense, as in the capture and digestion of food, or may con- 
tribute to the animal's defense, as in protecting it against predators or ag- 
gressors. It may also serve both functions. 

The black widow spider employs its venom to paralyze its prey before 
extracting hemolymph and body fluids. The venom is not primarily designed 
to kill the prey, only to immobilize it. Were it to cause early death, removing 
the hemolymph and body fluids would be made much more difficult, and 
would seem inconsistent with design and, perhaps, the spiders survival. Most 
venoms used in offense are associated with the oral pole, the most functional 
region for their dispense. Defensively designed venoms, on the other hand, 
are usually associated with the aboral pole, as in the stingrays, or with dermal 
tissues, as in scorpionfishes and certain other fishes." 

Venomous snakes are considered to be the most highly developed of all 
the reptiles. This supposition is based on their success in both kinds and 
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SPECIFIC CHEMISTRY AMD PHARMACOLOGY 

It is ope of the unfortunate facts in the study of the chemistry and physio- 
pharmacology of snake venom that the structure and design are most easily 
studied by taking the venom apart. This has two shortcomings: Firstly, a 
destructive process must be used in an attempt to understand a progressive 
and integrative one; and secondly, the essential quality of the whole venom 
is destroyed before we have made suitable acquaintance. Often times the 
process of examination becomes so exacting that the end is lost sight of in 
our preoccupation with the means, so much so that in some cases the means 
becomes a substitute for the end. 

Animal venoms are complex mixtures; many are composed of proteins of 
both large and small molecular weights, while others are rich in lipids, ste- 
roids, aminopolysaccharides, amines, quinones, 5-HT, or other substances. 
The composition of most venoms, however, remains unknown. Some snake 
venoms, particularly those of the crotalids, are composed of as many as 20 
different components, while the venoms of elapids appear to be less complex. 

Our knowledge of the physiopharmacologic properties of venoms is rela- 
tively meager. We know some of the pharmacologic activities of a number 
of the crude venoms, as well as a few of the properties of a relatively small 
number of venom fractions, but data on the various specific effects, and the 
autopharmacologic, synergistic, and antagonistic properties of these complex 
substances is far from complete. 

Perhaps no other area of toxinology has undergone such a complex evo- 
lution—both in reality and in the literature— as has the chemistry of snake 
venoms. I have witnessed in my own life-span an almost complete contra- 
position, from one that considered snake venoms solely as enzymes, and 
classified them on this basis, to the recent emphasis on peptide structure, 
and classifying them accordingly. For the present it seems wisest to consider 
all snake venoms as complex mixtures containing peptides or polypeptides, 
enzymes, glycoproteins, and other substances capable of producing several 
or many pharmacologic activities, some of which are deleterious to living 
organisms. For the physician it bears repeating that a snake venom should 
never be considered solely as a "neurotoxin," "cardiotoxin," "myotoxin," or 
any of the other dozens of loosely articulated synonyms, while dismissing the 
overall biological activities of the whole venom, in my opinion, the facts are 
not sufficiently valid to even classify specific components under these broad 
categories. There are some components that may well have an effect at some 
specific site or membrane in the nervous system, and nowhere else, but this 
has not yet been demonstrated to my satisfaction. The basis for calling a 
specific fraction a "neurotoxin" is usually founded on its action on a particular 
preparation the investigator has selected; and rarely are the other possible 
pharmacologic properties or tissue modulations studied in detail. Such find- 
ings as those of Harris, ns,! 1:1 as well as our own group, 1 " 3 ' 1 -" indicated the 
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WHO COORDINATION MEETING ON VENOMS AND ANTIVENOMS 



A WHO informal meeting took place at the Chemika Zurich from 24 to 27 September 1979. 
The purpose of the meeting was to coordinate the work in progress throughout the world on the 
use and standardization of venoms and antivenoms. The list of the participants is shown in 
Annex I and the agenda in Annex II. 

For many years WHO has had an interest in the treatment of bites and stings from 
poisonous creatures and although there have been informal meetings from time to time 
none has specifically attempted to collect the data of the clinical effects of snake and 
scorpion bites and stings and the experiences in their treatment. Furthermore it was 
recognized that there is an urgent need to correlate such experiences with the laboratory 
tests being applied to the antivenoms in attempts to measure the potency of these materials. 
One important advance that could be made in such standardization is the availability of 
venoms that had been fully characterized and the establishment of international standard 
antivenoms . 

WHO has taken the first step in designating the Liverpool School of Tropical Diseases 
as the WHO Collaborative Centre for the Control of Antivenoms. As Director of this Centre, 
Dr H. Alistair Reid agreed to be Chairman of the meeting. 

The meeting agreed that in English 'venom 1 and 'antivenom' were the preferred names 
rather than venin/antivenin or venene/antivenene . 

A. EPIDEMIOLOGY 

Incidence and mortality of snake bites, scorpion stings and spider bites 

Injuries and death due to snake and spider bites as well as scorpion stings occur in 
most parts of the world, and especially in the tropics where they may represent a major health 
problem. Unfortunately, knowledge of their epidemiology is fragmentary due mainly to the 
lack of reliable statistical data. 

In the United States of America, approximately 8000 bites by venomous snakes are/; : 
reported each year. There are about 12 deaths which occur in the untreated, under- treated , 
or mistreated children or in members of snake -hand ling cults. Approximately 1000 scorpion 
stings are reported each year; the last death was in 1968. About 3000 spider bites 
(usually Latrodectus or Loxosceles sp) occur each year. Marine animal stings range into 
several hundred thousand each year but deaths are extremely rare. 

Scorpion stings are a major health problem in Mexico where there are an estimated 
300 000 cases each year, with about 1000. deaths. Scorpion stings are also important in 
Trinidad and South America. Spider bites are mainly common in South America and Australia. 

In Costa Rica, hospital admissions for snake bite have been estimated as 22.4 per 
100 000 population per year, with 5 deaths per 100 000 (mostly due to bites by Bothrops 
atrox) . In South America 907. of snake bites are caused by Bothrops species. Mortality has 
been estimated as 2.4% but may be as high as 87. when no antivenom is given. After 
rattlesnake bites ( Crotalus durissus terrificus) about 747. of the untreated victims die but 
in patients receiving antivenom, mortality falls to 127.. 
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TABLE 2 

Ant1ven1ns Available for the Treatment of Snake Venom Poisoning 



Producer or 
Distributor 



Venoms Used 
1n Preparation 



Trade or Common Name 



Comments 



North America and Mexico 



Wyeth Laboratories 
Box 8299 
Philadelphia, 
Pennsylvania 
U.S.A. 19101 



Crotalus dL terrlf 1cus 
Crotalus atrox 
Bothrops atrox 
Crotalus adamanteus 

Mlcrurus f. fulvlus 



Ant1ven1n (CrotaHdae) 
Polyvalent 



Ant1ven1n 
(Mlcrurus fulvlus) 



Precipitated with 
ammonium sulphate, 
and lyopMUzed. 



Laboratories a MYN\ 
Av. Coyoacan 1707 
Mexico City 12, 
D.F., Mexico 



S.A. Bothrops atrox asper 
Bothrops nummlfer 
Crotalus atrox 
Crotalus nlgrescens 
Crotalus o\ durlssus 
Crotalus d. tzabcan 
Crotalus tlgrls 
Agklstrodon blUneatus 



Gerenda General de 

B1olog1cos y Reactlvos 
M. Escobeda 20, 
CP. 11400 
Mexico D.F., Mexico 



Bothrops atrox asper 
Crotalus b. bas111scus 
Crotalus d. durlssus 



Snake Antlvenln 



Enzyme digested, 
precipitated with 
ammonium sulphate, 
and lyophlUzed. 



Ant1-Crotalus 
and Ant1-Bothrops 



Producer or 
Distributor 



Venoms Used 
1n Preparation 



Trade or Common Name 



Comments 



Central America 



University de Costa R1ca 
Culdad Un1vers1tar1a 
Rodrlgo Fado 
San Jose, Costa R1ca 



Lachesls muta 
Crotalus d. durlssus 



Lachesls muta 



Bothrops 
Bothrops 
Bothrops 
Bothrops 
Bothrops 
Bothrops 
Bothrops 
Bothrops 
Bothrops 



al ternatus 
asper 

jararacussu 

jararaca 

moojenl 

lateralis 

cotlara 

nasutus 

neuwledl 



Polyvalent serum 



Polyvalent 



Precipitated with 
ammonium sulphate. 
Freeze-drled or 
liquid. 



Mlcrurus nlgrodnctus 
Mlcrurus fulvlus 



Ant1elap1d1co 



Laboratory Veterlnarlos 
Casllla 5584 
Guayaquil , Ecuador 



Bothrops asper 
Bothrops atrox 
Bothrops xanthogrammus 



Ant1bothrop1co 
Pollvalente 



Precipitated with?, 
ammonium sulphate 
and supplied 1n . 
liquid form. 



(Continued) 



Table 2 Continued. 

Producer or 
Distributor 

South America 

Instltuto Nadonal de 
Salud 

Ave. Eldorado con Carrera 
Zona G, Bogota, D.E. , 
Colombia 



LaboratoMo Behrens 
Ave. Principal de 

Chapel I1n Apartado 62 
Caracas, 101 
Venezuela 



Venoms Used 
1n Preparation 



Bothrops atrox 
Crotalus d. terrlflcus 



Crotalus d. terrlflcus 



Bothrops atrox 
Bothrops venezuelae 



Trade or Common Name 



Antioph1d1co 
Pol Ivalente 



Antlcrotallco 



Ant1botrop1co 



Institute Naclonal de 

M1crob1olog1a 
Avdo Velez 
Sarsfleld 563 
Buenos Aires, Argentina 



Crotalus ?\ terrlflcus 

Bothrops alternatus 
Bothrops neuwledl 

Bothrops alternatus 
Bothrops , 1araraca 
Bothrops jararacussu 
Bothrops neuwledl 

Mlcrurus frontalis 
Mlcrurus coral! 1nus 



Antlcrotalus 
Bothrops Blvalente 

Tropical Polyvalent 

Ant1m1crurus 



Comments 



Globulin precipi- 
tated with ammon- 
ium sulphate. 



Foreign-protein- 
reduced 



Purified by enzym- 
atic and differ- 
ential thermocoag- 
ulation techniques. 



Producer or 
Distributor 



South America 



Ejerdto Argentlno 
Campo de Mayo 
Batallon 601 
Pda de Bueno Aires, 
Argentina* 



Venoms Used 
1n Preparation 



Centro de Zool1g1a 

Appllcada 
Unlversldad de Cordoba 
Pda de Cordoba, 
RepubUca Argentina 



Crotalus durlssus 
terrlflcus 



Trade or Common Name 



Comments 



Antlbothrops blvalente 
Ant1m1crurus 



Antlbothrops blvalente 
Antlcrotalus 



Instltuto Butantan 
Claxa Postal 65, 
Sao Paulo, Brasll 



Crotalus p\ terrlflcus 

Lachesls muta 

Bothrops jararaca 
Bothrops moojenl 
Bothrops cotlara 
Bothrops alternatus 
Bothrops jararacussu 
Bothrops neuwledl 



Antlcrotallco 
Ant1laquet1co 

Ant1bothrop1co 



Peps1n-d1gested, 
and ammonium 
sulfate precipita- 
tion 



(Continued) 



Table 2 Continued. 



Producer or Venoms Used . . 

Distributor 1n Preparation Trade or Conmon Name Comments 



South America 



Crotalus o\ terrlflcus 
Bothrops Jararaca 

Bothrops moojenl Ant1oph1d1co Pollvalente 

Bothrops cotlara 
Bothrops alternatus 
Bothrops jararacussu 
Bothrops neuwledl 



Syntex do Brasla S.A. 
Rua Maria Candida 1813 
Sao Paulo, Brasll 



Crotalus ch terrlflcus 
and 

Bothrops sp. 

Bothrops alternatus 
Bothrops atrox 
Bothrops jararaca 
Bothrops jararacussu 
Bothrops cotlara 



Pollvalente 
antlophldlc serum 



Antlbothroplc serum 



Pepsin digestion, 
and ammonium sul- 
phate predplta- 
t1on1. Final 
solution contains 
18% protein. 



Institute Vital 

Brazil S-A. 
Calxa Postal 28 Nlterol 
R1o de Janeiro, Brasll 



Bothrops sp. 
Crotalus cL terrlflcus 
Bothrops sp^ 
Crotalus sp. 



Soro Antlbotroplco 

Soro Ant1crotal1co 

Soro Ant1of1d1co 
Pol Ivalente 



Producer or Venoms Used 

Distributor in Preparation Trade or Common Name Comments 
South America " ' ~ 



Instltutos Naclonales 

de Salud 
Departamento de Animal es 

Venenosos 
Calle Capac 
Yupanqul n 1400 
Apartade n 451, 
Lima, Peru 



Europe 



Bothrops atrox 
Bothrops b1 Hneatus 

smaragdlnus 
Bothrops castelnaudl 
Bothrops brazlH 
Bothrops plctus 

Lachesls muta 

Crotalus d. terrlflcus 



Suero antlbotroplco 
pol Ivalente 



Suero antllacheslco 
Suero antlcrotallco 



Purified and 
lyophlHzed 



Instltut Pasteur 

Production 
3 Boulevard Raymond- 

PolncarS 
92430, Marnes-la- 

Coquette, France 



Vlpera ammodytes 
Vlpera aspls 
Vlpera berus 

B1t1s arletans 
B1 t1s gabonlca 
Echls carlnatus 
Hemachatus haemachatus 
Naja haje 
Naja melanoleuca 
Naja n1gr1coH1s 
Naja nlvea 



Ipser Europe 



Ipser Afrlque 



Concentrated and 
purified to 12-13% 
protein. 
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Table 2 Continued. 

Producer or Venoms Used 

Distributor 1n Preparation Trade or Common Name Comments 

Europe 

Vlpera ammodytes 
Vlpera lebetlna'obtusa 
Vlpera palestinae 

Cerastes cornutus Near and Middle East 

Cerastes vlpera 
Echls carlnatus 



Dendroaspls angustlceps 
Dendroaspfs jamesonl n , rnat n . 

Dendroaspls polylepl s Dendroaspls 
Dendroaspls v1 r1d1 s 



Instltut MeMeux Vlpera aspls Serum ant1-ven1meux 

17 Rue Bourgelat Vlpera berus puMfle MeMeux 
69002 Lyon, France 

Laboratotres Lelong Vlpera ammodytes ~ firiim . . uonHmoMV 

45200 Amllly, France VT^frl aspls* Sfirum antl-venlmeux 

V&biTuT Lelon 9 



Producer or 
Distributor 



Venoms Used 
1n Preparation 



Trade or Common Name 



Comments 



Europe 



Hoechst Aktlengesell- 

schaft 
Postfach 80 03 20 
D-6320 Frankfurt 

am Main 80 
West Germany 



Vlpera ammodytes 
Vlpera berus 

B1t1s arletans 
B1t1s gabonlca 
B1t1s carlnatus 
Naja haje 
Vlpera lebetlna 

B1t1s arletans 
B1t1s gabonlca 
Dendroaspls polylepls 
Naja haje 

Echls carlnatus 
Naja haje 
Vlpera ammodytes 
Vlpera lebetlna 



Europe 



North and West Africa 



Central Africa 



Near and Middle East 



Prepared by pepsin 
digestion, and 
ammonium sulphate 
precipitation. 
Final solution 
contains 16% pro- 
tein. Supplied In 
liquid form. 



Twyford Pharmaceutical 

Services 
Deutschland GmbH, 
Postfach 21 08 05 
D-6700 Ludwlgshafen 

am Rhelm 
West Germany 



AgMstrodon rhodostoma 



Calloselasma 



Malayan pit viper 
snake antlvenln 



(Continued) 



Table 2 Continued. 



Producer or 
Distributor 


Venoms Used 
1n Preparation 


Trade or Common Name 


Comments 


Europe 

Istltuto S1ereoterap1co 

e Vacclnogeno 
Toscano M Sclavo u 
Via Florentine 1, 
53100 Siena, Italy 


Vipera ammodytes 
Vipera aspis 
Vipera berus 
Vipera urs1n11 


Antlvlperln 


Enzyme refined and 
supplied 1n liquid 
form. 


Istltuto S1eroterap1co 
Via Darwin 20, 
Mllano, Italy 


Vipera ammodytes 




Enzyme refined and 
supplied 1n liquid 
form. 


InstUut Se>otherap1que 

et Vaccinal Suisse 
Case Postale 2707 
3001 Berne, Switzerland 


Vipera amnodytes 
Vipera aspis 
Vipera berus 


Serum Ant1ven1meux 





Serotherapeutlsches 

Instltut W1en 
TNester Strasse 50 
A-1100 Vienna, Austria 



Institute of Immunology 
Rockefellerova 
2 Zagreb, Yugoslavia 



Vipera ammodytes 
Vipera aspis 
berus 



Vipera ammodytes 



Schlangenglftserum, 
"Sero" 



Antlvlperlnum 



Digested with 
and precipitated 
with ammonium 



Producer or 
Distributor 



Europe 



Chemapol Foreign Trade 

Company, Ltd, 
Kodanska 46, 100 
Praha 10, Czechoslovakia 



Venoms Used 
1n Preparation 



Vipera ammodytes 



Trade or Common Name 



Comments 



Ant1 vipera ammodytes 



Pepsin digested 
and precipitated 
with ammonium sul- 
phate. Supplied 
1n liquid form. 



Institute of Epidemiology Vipera ammodytes Monovalent 
and Microbiology 

Sofia, Bulgaria (This Institute also prepares the same 

serum 1n crude form for Albania.) 



Ammonium sulphate 
precipitation. 



Ministry of Public Health 
101 431, GSP 4 
Moscow K-51, 
U.S.S.R. 


Echls caMnatus 
Naja naja 
Vipera lebetlna 

Naja naja oxlana 

Vipera lebetlna 


Polyvalent 

Ant1-Naja 
Ant1-V1pera 


No confirmation 
indicating product 
or processing. 


Africa 


InstUut Pasteur 

Rue de Docteur Laveran 

Alger, Alge>1e 


Cerastes cerastes 
Vipera lebetlna 


Antlvlperln 





(Continued) 



Table 2 Continued. 



Producer or 
Distributor 


Venoms Used 
1n Preparation 


Trade or Common Name 


Comments 


Africa 


Instltut Pasteur 
Place Charles-Nlcol le 
Casablanca, Morocco 


Cerastes cerastes 
Vlpera lebetlna 


Antlvlperln 




Instltut Pasteur 
d3 Place Pasteur 
Tunis, Tunisia 


Cerastes cerastes 
Vlpera lebetlna 


Antlvlperln 




Al Algousa Sharea 
Alvezara 
Cairo, Egypt 


Cerastes cerastes 
Cerastes vlpera 

Naja haje 
Cerastes cerastes 
Cerastes vlpera 


Ant1-V1pera 
Polyvalent 




The South African 
Institute for Medical 
Research 

P.O. Box 1038 

Johannesburg 2000 

Republic of South Africa 


Hemachatus haemachatus 
Naja nlvea 
Naja haje 
Naja melanoleuca 
Naja nlgrlcolHs 
Dendroaspls angustlceps 
Dendroaspls jamesonl 
Dendroaspls polylepls 
B1t1s arletans 
81 t1 s gabonlca 

Echls carlnatus 


Polyvalent 
Echls 


Digested with 
pepsin and pre- 
cipitated with 
ammonium sulphate. 


Producer or 
Distributor 


Venoms Used 
1n Preparation 


Trade or Common Name 


Comments 


Africa : 


FltzSlmmon's Snake Park 
P.O. Box 1 
Snell Parade 
Durban, South Africa 


Dendroaspls angustlceps 
Dendroaspls Jamesonl 
bendroaspls polylepls 

Hemachatus haemachatus 
Naja nlvea 
B1t1s arletans 
B1t1s gabonlca 


Dendroaspls 
Polyvalent 


Digested with 
pepsin, precipi- 
tated with ammon- 
ium sulphate, and 
dlalyzed. 


Miaaie tast — 


Ministry of Health 
Dept. of Laboratories 
P.O, Box 6115 
Jerusalem 91060, Israel 


Echls coloratus 
Vlpera palaestlnae 


Ant1-Ech1s 
Ant1-V1pera 


Whole venom plus 
resin-bound "neuro 
toxin" used as 
antigen. Supplied 
as globulin frac- 
tion of horse 
serum 1n liquid 
form. 


Instltut d*Etat des 

Scrums et Vacdns Razl 
P.O. Box 656 
Teheran, Iran 


Naja naja oxlana 
Vlpera lebetlna 


Ant 1 -Cobra 
Ant1-Lebet1na 


Prepared by pepsin 
digestion, and 
ammonium sulphate 
precipitation. 



(Continued) 



Table 2 Continued. 



Producer or 
Distributor 

Middle EasT 



Asia 

Haffklne Blopharma- 

ceutlcal Corp., Ltd, 
Parel , Bombay 
India 



Venoms Used 
in Preparation 



Echls carina tus 

Pseudocerastes perslcus 

Vlpera xanthlna 

Agkistrodon halys 

Naja naja oxlana 
Vlpera lebetlna 
Echls carlnatus 
Pseudocerastes perslcus 
Vlpera xanthlna 
Agkistrodon halys 



Bungarus caeruleus 
Naja naja 
Vlpera russelH 
Echls carlnatus 



Central Research 

Institute 
Kasaull, India 



Naja naja 

Bungarus caeruleus 
Vlpera russelH 



Trade or Common Name 

Ant1-Ech1s 
Ant1-Pers1ca 
Antl-Latlfl 
Ant1-Agk1strodon 

Polyvalent 



Comments 



Polyvalent 



Ant1-Naja 
Ant1 -Bungarus 
Ant1-V1pera 



Digested with peps1 
concentrated and 
lyophlHzed. 



Enzyme-refined 
globulin 1n liquid 
and lyophlHzed 
forms. 



Producer or 
Distributor 



Venoms Used 
1n Preparation 



RsTF 



Echls carlnatus 



Naja naja 

Bungarus caeruleus 
Vlpera resselM 
Echls carlnatus 



Trade or Common Name 



Comments 



Ant1-Ech1s 



Polyvalent 



National Institute of Vlpera russelll Monovalent Vlpera 

Health 

Biological Products D1v. Echls carlnatus Monovalent Echls 



Islamabad, Pakistan 



Naja sp- 



Naja 
Bung. 



Bungarus sp. Polyvalent Anti-snake 

Vlpera russelll s ^ 

Echls carlnatus 



Industrie and Phanma- Naja ru kaouthla Mono-cobra Precipitated with 

ceutlcal Corporation ammonium sulphate 

Rangoon, Burma Vlpera russelll slamensls Mono-V1pera and lyophlHzed. 

Naja n. kaouthla ninuaii»nt 

VTpe>a~russelH slamensls Bl0v * lent 



Queen Saovabha Memorial 


Bungarus fasclatus 


Bungarus 


Institute 






Rama 4 Road 


Naja naja 


Cobra 


Bangkok, Thailand 


Ophlophagus hannah 


King Cobra 



(Continued) 



Table 2 Continued. 



Producer or Venoms Used 

Distributor 1n Preparation Trade or Common Name Comment* 

Asia 

Vlpera russelll Russel 1 ' s Viper 

Agklstrodon * rhodostoma Malayan Pit Viper 

Trlmeresurus albolabrls Bivalent 
Trlmeresurus erythrurus 

*Ca11oselasma 



Perusahaan Umum B1o Fa 

(Pasteur Institute) 
JI, Pasteur 20 
P.O. Box 47 
Bandung, Indonesia 



Agklstrodon * rhodostoma 
Bungarus fasdatus 
Naja sputatrlx 

*Calloselasma 



Trlvalent anti-venom 
serum 



Purified serum 
supplied 1n liquid 
form. 



Shanghai Vaccine and Agklstrodon halys 

Serum Institute 
1262 Yang An Road Agklstrodon acutus 

Shanghai, China 



Mamushl Precipitated with 

ammonium sulphate 
and lyophlHzed. 



National Institute of Agklstrodon acutus Agklstrodon Immunized with 

Preventive Medicine formalin— toxoid 

161 Kun-Yang Street Naja naja atra Naia Runaarus venom. Ammonium 

Nan-Kang, Taipei Bungarus multldnctus naja DU,| y a,u:> sulphate predpl- 

Talwan tated, and supplied 



Producer or Venoms Used 

Distributor in Preparation Trade or Common Name Comments 
AsTa " 



Naja naja atra "Polyvalent neuro- 1n liquid or 

Bungarus multldnctus toxic antvenlns" lyophlHzed form. 

Trlmeresurus mucrosquamatus "Polyvalent haemorr- 

Trlmeresurus gramlneus haglc antlvenln" 



The Chemo-Sero- 

Therapeutlc Research 

Institute 
668 Okubo SMmlzu 
Kumamoto 860, Japan 



Trlmeresurus flavovlrldls Habu 
Agklstrodon halys Mamushl 



Pepsin digestion, 
ammonium sulphate 
precipitation, and 
lyophlHzed. 



Takeda Chemical 

Industries, Ltd. 
H1gash1-Ku 
Osaka, Japan 



Agklstrodon halys 



Mamushl 



Pepsin digestion, 
ammonium sulphate 
precipitation, and 
lyophlHzed. 



Research Institute for 

Microbial Diseases 
Osaka University 
Klta-ku 
Osaka, Japan 



Agklstrodon halys 



Mamushl 



Pepsin digestion, 
ammonium sulphate 
precipitation, and 
lyophlHzed. 



(Continued) 
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Table 2 Continued. 



Producer or 
Distributor 


Venoms Used 
1n Preparation 


Trade or Common Name 


Comments 


Asia . 


Kltasato Institute 
Mlnato-ku 
Tokyo, Japan 


Aqklstrodon halys 


MamusM 


Pepsin digestion, 
ammonium sulphate 
precipitation, and 
lyophlUzed. 


Chlba Serum Institute 
2-6-1 Konodal, Ichlkawa 
Chlba, Japan 


Aqklstrodon flavov1r1d1s 
(absorbed habu toxoid) 

Aqklstrodon halys 


Habu 
MamusM 


Pepsin digestion, 
ammonium sulphate 
precipitation, and 
lyophlUzed. 



Serum and Vaccine 

Laboratories 
Alabang Hutlnlupa 
R1zal, Philippines 



naja ph111pp1nens1s Cobra 



Concentrated and 
purified. 



70 

e 
w 
t/i 
m 
t- 
r 



Australia 



Commonwealth Serum Labs 
45 Poplar Road 
Parkvllle, Victoria 3052 
Australia 



AcanthopMs antarctlcus 

Notechls scutatus 
Enhydrlna schlstosa 

Oxyuranus scutellatus 

Pseudonaja textnis 

Pseudechls austral Is 



Death adder 

Tiger snake 
Sea snake 

Talpan 

Eastern brown snake 
Brown snake or Hulga 



Prepared by pepsin 
digestion, and 
ammonium sulphate 
precipitation. 
The products are 
dlalyzed and ultra- 
filtered to a final 
concentration of 
17% protein. 
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Producer or 
Distributor 



Venoms Used 
1n Preparation 



Trade or Common Name 



Comments 



Australia" 



Oxyuranus scutellatus 
AcanthopMs antarctlcus 
Notechls "scutatus 
Pseudechls australls 
Pseudonaja textllls 



Polyvalent 

(Australia-New Guinea) 
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Immunoglobulins 



K or /. 



L chains 

MW- -22.000 N 



C "^H chains 

MW - -50.000 



Reduction, denaturauon. 
and alkylation 




L chain 



Fab 



^ * ■ 

. Flgur* 6-3. Human 
immunoglobulin fragments. 

• The intact IgC molecule 

* may be fragmented by 
different reagents into sub- 
unitx. Digestion with papain 
occurs on the amino side of 
the interchain disulfide 
bond and results in three 
major fragments, two Fab 
*nd one Fc. and a minor 
fragment. Fab fragments 
consist of an L-chain and the 
amino half of an H*chain 
joined by a disulfide bond. 
The Fc fragment consists of 
the carboxy halves of 

H -chains joined by a disul- 
fide bond. An additional 
imall peptide from the mid- 
dle of the heavy chains 
containing a disulfide bond 



H chain 



SR SR 



is also produced. The Fab 
fragment contains an 
antigen-binding site and 
reacts with, but does not 
precipitate, antigen because 
it is monovalent. The Fc 
portion is responsible for 
biological properties such as 
complement fixation. - 
Digestion with pepsin occurs 
on the carboxy side of the 
interchain disulfide bond 
and results in two F(ab ) 
fragments joined by a 
disulfide bond because one 
of the disulfide bonds 
joining the H-chains is pre- 
served. This fragment. 
F(ab')i. reacts with and pre- 
cipitates antigen because it 
is divalent (contains two 
antigen-binding sites). 



Additional peptide frag- 
ments, some containing 
disulfide bonds, arc 
produced by the action ot 
pepsin, presumably due to 
further digestion of the Fc 
fragment. Reduction of 
disulfide bonds, alkylation of 
free SH groups (R - 
CH : CONHj).and 
denaiuration of ionic and 
hydrogen bonds result in lib- 
eration of polypeptide 
chains- two L<hains(MW 
22 000) and two H-chams 
(MW 50,000). Each polypep- 
tide chain contributes to the 
antigen-binding site of the 
intact Fab fragment. That 
. portion ofH-chain present 
in the Fab fragment is called 
the Fd piece. 



curing fetus and may be ^^^^^ 

resenting a given antibody s P eclfi c C fi \ ty e t ° ^ un iL joined to each 
(primary response). IgMoccun- « H£™ « mQlecule 

and to iheJ-chain; its molecular weign ^ 
mainly in the intravascular flu d. ^ ^ i emenl and 
efficient class of immunogioouim i • b 

tic reactions. 

therefore is highly active m £ ^„ molher l0 

IgM does no, "Xl^X y by h "etus prior .0 birth. 
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STRONGLY ENHANCED TOXICITY OF THE MUSHROOM 
TOXIN a-AMANITIN BY AN AMATOXIN-SPECIFIC FAB OR 
MONOCLONAL ANTIBODY ' 



;9: 



Heinz Faulstich. 1 * Karin Kirchner' and Massimo Derenzinp 
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[Accepted for publication IT Sovember 198?) 

H. Fallstich, K. Kirchner and M. Derenzini. Strongly enhanced to\jcity of the mushroom 
toxin j-amanitin by an antitoxin-specific Fab or monoclonal antibody. Toxicon 16, 491 -499. 
193$. — A monoclonal antibody, with high affinity against the mushroom toxin j-amanitin. *as 
, prepared. Administration of the Fab fragment of the monoclonal antibody to mice caused a 
50-fold increase in o*amanitin toxicity. Electron micrographs showed normaj appearance of 
hepatocytes but typical, amanitin-induced lesions in cells of the proximal convoluted tubules of 
the kidney. The pronounced nephrotoxicity is mainly explained by glomerular filtration and 
tubular reabsorption of the Fab-amatoxin complex and. to a lesser extent, of the 
immunoglobulin - amatoxin complex, which is still c. twice aj toxic as free o-amanitin. To our 
knowledge this is the first reported case where immunoglobulins or their fragments enhance rather 
than decrease the activity of a toxin. Accordingly, immunotherapy of Amanita mushroom 
poisoning in humans Joes not appear promising. 



INTRODUCTION 



Early ATTEMPTS at using scrum to reverse mushroom toxicity date back to the beginning 
of this century (DUJARR1C DE la Riviere. 1929). At that time a horse was 'immunized' 
with crude extracts of Amanita phalioides, but the efficacy of the serum was never clearly 
proven. In retrospect it seems unlikely that native anatoxins, peptides of c. 900 mol. wt. 
would exhibit any immunogenic activity. Antibodies against amatoxins can be obtained 
when the peptides are conjugated with proteins. However, amatoxins bound to proteins 
ore extremely poisonous foranimals (CESSl and FlUME, 1969; DERENZINI et at.. 1973; 

ONETTI et at. % 1974), AJpha- and /J-amanitin were tolerated, however, when attached to a 
glycoprotein, fetuin, as a carrier. The sera obtained were mainly used for diagnostic 
purposes (FaULSTICH et a/.. 1975. 1982; FlUME et a/.. 1975; FaULSTICH, 1984). 

Rabbit antibodies have been assayed also for their immunothcrapcutic efficacy 
(KIRCHNER and FaULSTICH. 1986). It was shown that a purified fraction of the polyclonal 
immunoglobulins was of no therapeutic value in mice, but rather increased the toxicity of 
o-amanitin by a factor of two. In the present study we describe the preparation of a 
monoclonal antibody against o-amanitin, and an approach to immunotherapy using this 
immunoglobulin or. its Fab fragment. 
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MATERIALS AND METHODS 



['Hl-^-O-meihyl-dchydroxymeihyl-tf-amanitin (spec, activity - .7.4 Ci/mmole) wu prepared in our 
laboratory (FaULSTICH tt at., 1975). The purity of the labeled compound waj ascertained by its typtcaJ U.V. 
spcarum and by thin layer chromatography. On silica (HF 1 **. Merck, D«nrm*dt) developed with chloroform 
(65) methanol (25) water (4) it represented a single spot detectable hJTT.V.Hlliorption. Scraped off and ciutcd 
with methanol the extract contained > 90* of the toul radioactivity 'applied to the silica plate. 

Beu-amanitin w« prepared from aqueous extract* of Amanita pkaUoidcs mushrooms by chromatographic 
procedures (FaULSTICH tt at., 1973), performed on t p reparative icale. The toxin was coupled to fetuin (Sigma, 
Munich) as described previously (KiRCHNER and FaULSTICH, 1986). The molecular ratio of amatoxin attached to 
the protein as determined by spectrophotometry (c (M - 13.500 M^ctn*') was 1.8. Aliquots containing 25 H g 
amatoxin were mixed with Freund's complete adjuvant and injected intracutaneously into Wistar rats of 200 ? 
body weight. Two booster injections, each containing 30 m amatoxin in 0.9* NaCl. were administered i.rr 
4 and 20 weeks after the first injection. Blood samples (0.3 ml) taken from the tail vein 3 weeks after eaci. 
antigen injection were analyzed for their tilers of amatoxin-specific antibodies by ELISA. 

Enzyme-linked immunosorbent assay (ELISA) was performed according to the method of EngvaLL (1980). 
The assay used an o-amanitin conjugate of bovine serum albumin (FaULSTICH and FiumE. 1985; FaULSTICH tt 
a/.. 1983) attached to the walls of microliter wells (Dyna tech. Denkendorf. FRG) as immunoadsorbani. and 
anti-rat-lgC (of the rabbit) coupled to horseradish peroxidase (Miles. Frankfurt) for detection. 

Spleen cells of the immunized rats were fused with mouse myeloma cells (P3-X-43-Ag8-653). and hybridoma 
colonies were isolated according to the procedure of LokaY tt at. (1981). Colonies producing amatoxin-specific 
antibodies were sub-cloned by^the limiting dilution technique (GoooinC. 1980). A selected amatoxin-specific 
hybridoma clone was raised irVnude mice. Ascites fluid was harvested after 10 to 20 days and the monoclonal 
antibody was purified by affinity chromatography on Protein-A-Sepharose CI 4B (Pharmacia. Uppsala) 
(McGregor tt a/.. 1983). The immunoglobulin was characterized by immunodiffusion (Owchterloky. I9f 
using isotype-specific antisera (Miles. Frankfurt). Fab-fragments were obtained (RoussEalx tt oi. t 19831 . 
digestion with mcrcunpapain. The Fab-fragment was separated from Fc-fragment and undigested 
immunoglobulin by passage through a Protein-A-Sepharose CI 4B column. Spectrophotometry of the amanmn* 
immunoglobulin complex and the equilibrium dialysis experiments have been described elsewhere (KirchnER 
and Fallstich. 1986). ' 

Female mice (NMRI) of 18-25 g body-weight were poisoned by i.p. administrations of various doses of 
o-amamun. About one min after the toxin injection the animals received i.v. equivalent amounts of monoclonal 
IgG or Fab. All protein fractions contained 0.9^ NaCl and were sterilized by ultrafiltration immediately before 
use. A group of mice received various doses of o-amanitin i.v. complexcd with IgG. The complex was prepared 
by incubating 1 equivalent of IgG with 2 equivalents of o-amanitin I hr before administration to the animals. 

For electron microscopy, kidney samples were fixed, immediately after animal sacrifice, in 2.5 r « 
giutaraldehyde in 0.1 M Sorenscn Suffer. pH 7.2 and post-fixed in l*t OsO. in the same buffer. After alcor-' 
dehydration, the samples were embedded in Epon. LMtrathin sections were stained wuh uranium and lead 

RESULTS 

Preparation of the monoclonal antibody and its Fab fragment 

Ascites fluid of nude mice contained up to 7 mg/ml amatoxin-specific IgG. Because of 
the absence of host-specific immunoglobulins the antibody was easily. purified by affinity 
chromatography on Protein-A-Sepharose (McGregor et al. % 1983). In SDS-gel 
electrophoresis the purified immunoglobulin appeared as one heavy chain and one light 
chain (Fig. 1). 

of the monoclonal IgG was determined by immunodiffusion 
1968), and found to be IgG2a. Elution of an lgG2a from an affinity 
a glycine/HCl buffer of pH 3, and although it was neutralized 
treatment may have caused partial denaturation of the globulin. 
Spectrophotometry examination of the binding capacity (KiRCHNER and FaULSTICH. 
1986) showed, however, :hat the binding ratio of o-amanitin to immunoglobulin was 
1.92 : I, which is close to the expected value of 2 : 1. 

For preparation of the Fab fragments the IgG2a was digested with mercuripapain. The 
reaction was complete after 2 - 3 hr as shown by the appearance of only two bands "\ 
SDS- PAGE corresponding to Fab and Fc fragments. As illustrated in Fig. 2, uridigesi. : 
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Fic. I. affinity purification of monoclonal immunoglobulin from the ascites of mude 

mice as followed by SDS - PAGE. 
Lane I. 3, 5. 9: crude ascites of 5 animals (the major bind u mouse aJbumin). Line 2. 4, 6. 8, 
10: the monoclonaj immunoglobulin fractions after purification. Only the heavy (H-) and light 

(L-) chain of the IgG arc visible. 



heavy chain was still visible after 1 hr, while after 4 hr of digestion side products were 
detected. Again, Protein-A-Sepharose was used to separate Fc fragments and unmodified 
«j from Fab, which was obtained in ca. 90°?o yield. 

The affinity of the monoclonaj IgG2a and its Fab fragment for amatoxins was assayed 
by equilibrium dialysis experiments (KlRCHNER and FaULSTICH, 1986), using a tritium- 
labeled amatoxin, [ J H|-6'-0-methyl-dehydroxymethyl-a-amanitin. In 8 experiments the 
labeled amatoxin derivative exhibited a mean dissociation constant (K 0 ) of 4.0 ± 0.2 nM 
(graph not shown). In similar experiments the Fab fragment showed a K 0 value of 
3.8 nM, and was thus the same within the limits of error. 

Toxicoiogical studies 

In NMRI mice used for the toxicoiogical experiments, a-amanitin showed an LD W value 
of 0.75 mg per kg body weight. The toxin was administered i.p., which gave the same LD ?0 
value as that given by i.v. administration. The animals died from liver dystrophy, from 
the third day onwards. 

When mice were poisoned i.p. with an LD, 0 of a-amanitin, and treated subsequently i.v. 
with an equivalent amount of monoclonal IgG, or Fab. all animals died, some of them 
earlier than the controls. This suggested to us that the antibody and the Fab had not 
decreased but rather enhanced the toxicity of a-amanitin. Indeed we showed that the LD W 
of a-amanitin in the presence of its immunoglobulin was 0.39 mg per kg body weight, 
Responding to a 2-fold increase of toxicity. A much greater increase of toxicity 
occurred when the poisoned mice were treated with Fab. In this case we determined an 
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LD„ of 0.015 mg per kg body weight, which corresponds to a roughly 50-fold increase in 
1 1 orde™ Uentify the preferred target of o-amanitin under 

kidnevs of the animals were examined by electron microscopy. In the ^-trea ed m<«^ 
hepatocytes appeared completely normal (not shown), while cons.dcr.blc nu lea lesions 
we' found "the proximal convoluted tubule cells of Wdney ^ 3 ». . «e he 
nuclear lesions appeared as soon as 2 hr after poisoning we conclude tha damage o the 
kidney tubule cells was the primary toxic event. Accordmg to th.s finding mos to ■ 
animals axe likely to have died from kidney failure, due to severe necros.s of the pro.v... J 

C TS^Fab- treated mice, the animals treated with the whole immunoglobulin 
exWbhe d n clear lesions predominantly in the kidney. These lesions occurred , ite than -n 
"e Fib-treated mice, but after 6 hr most of the nuclei of the proximal convoluted tubul 
c Is had changed their structure. As in the Fab-treated animals the ^c^of ^ 
tamunoglobulm treated mice appeared normal. There were, ^wever. scattered nuc , ar 
Uslons in some of the sinusoidal cells. After 48 hr the kidney cells of the .mmunoglobuUn 
treated mice had developed a severe necrosis. 
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; 1. Sensitivity of NMRi mice (female. 18-25 g) to various i.p. doses of o-awanitin in the thesence 
or absence of amatoxin-specific immunoglobulin or Fab-fragment 
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In general, the monoclonal immunoglobulin as well as its Fab fragment had protected 
the hepatocyres of mice from amanitin toxicity, but had caused severe amanitin lesions in 

r cells of the proximal convoluted tubules, leading, in both cases to an enhanced toxicity 
and to death by kidney failure. 

DISCUSSION 

Toxicity in mice of o-amaniiin (i.p.), followed by i.v. administration of a monoclonai 
antibody, is very similar to the toxicity caused by i.v. administration of the amanitin- 
immunoglobulin complex, as indicated by the same LD )0 value and a similar course of 
intoxication (data not shown). Presumably the toxin when administered i.p. is trapped by 

t immunoprotein soon after entering blood circulation. 

Trapping by immunoglobulins can decrease the filtration rate and thus retard renal 
excretion of small molecules as shown, for example, for digoxin (SCHMIDT et a/.. 1974). 
This effect may enhance the toxicity of low mol. wt compounds, and it cannot be excluded 
that such an effect contributes to the higher toxic activity of o-amaniiin in the presence of 
its immunoproteins. However, more important for the increased toxicity is cenainly that 
complexing amatoxins to Fab or immunoglobulin changes their target cells. 

Free amatoxins cause lesions predominantly in the parenchymal cells of the liver. In 
contrast, when amatoxins are covalently linked to albumin, or other proteins, they mainly 
••ffect cells involved in the protein turnover of the organism (DERENZINI et al. % 1974), such 
j macrophages, sinusoidal cells of the liver and protein-absorbing ceils of kidney. 
Damage to these kinds of cells leads to markedly enhanced in vivo toxicity, (for a review 
sec FaULSTICH and FlUME, 1985). As shown in the present study amatoxins, when 
administered together with their immunoproteins have an in vivo toxicity much higher 
than free amatoxins. In addition, they do not affect hepatocytes but those cells of liver 
and kidney which are largely involved in the turnover of proteins. We therefore conclude 
that the immunocomplexcs of a-amanitin exhibit toxic activities very similar to amatoxins 
covalently linked to proteins. 

While amatoxins conjugated with proteins mainly affect macrophages and sinusoidal 
;ells, the immunocomplexes of amatoxins exhibit specificity for kidney cells. Nuclear 
lesions found in the cells of the proximal convoluted tubules are shown in Fig. 3, They 



<96 



H. FAL'LSTICH tt at. 




Fic. 3a. Mouse proximo con*oll ted tvsl'le cell. : hr <fter ^dmimstrmion of 0.02 mg/kg 

BOD^ HEIGHT AMANIT1N PLCS THE EQLIMOLAR DOSE OF F*B. 

The nucleus of the lubule cell tho*s a marked condensation and margination of chromatin and a 
clustering of ribonuclcoprotein structures iar:o**t BB. brush border. Bar. I ^m. 



include fragmentation and segregation of ribonucleoprotein components, chromatin 
clumping, clustering of interchromatin-Iike granules and accumulation of perichromatin- 
like granules. These changes correspond to the lesions induced by free amatoxins in the 
hepatocytes of mouse and rat (MarINOZZI and FiCME, 1971), 

The occurrence of nuclear lesions in kidney tubule cells indicates that complexes of 
immunoproteins and amatoxins are . subject to glomerular filtration and tubuln 
reabsorption. This is not self-evident, because the filtration rate of proteins decreases u 
increasing mol. wt. Albumin (66,000 mol. wi>, for example, has a glomerular sieving 
coefficient of only 0.000 1, (BaLDamL'S et at.. 1971) and the filtration rate of 
immunoglobulins (155,000 mol. wt) is even, lower (Rovira-HaLBACH et a/., in press). 
Nevenheless nitration and reabsorption of the amanitin-immunoglobulin complex must 
be high enough to produce after several hr a toxin accumulation in the proximal 
convoluted tubule cells which causes kidney failure and finally death of" the animals. 

Fab fragments are filtered much more efficiently than immunoglobulins,. With a mol. 
wt of 45,000 they resemble- Bence- Jones proteins (44,000), which have a glomerular 
sieving coefficient of 0.09 (MaacK et o/ M ,1985). Accordingly, Fab fragments do . *i 
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Ftc. 3b. Detail of Fig. 3a shoeing :he cllstered ribomcieoprotein strcctvres 
F. fibrillar nucleolar fragments: G. nucleolar fragment with iegregaied fibrillar and granular 
components: IG. inierchromattn granules. Bar. 0.2 



retard urinary excretion of small molecules as do immunoglobulins (BUTLER et a/.. 1977), 
The high filtration rate of the Fab-amanitin-complcx followed by extensive reabsorption 
in the tubules is clearly the crucial cause of the 50-fold increase of o-amanitin toxicity. 

The present study was prompted by reports that high-affinity antibodies raised against 
digoxin were able to reverse the toxic effects of the drug in animals (CURD et a/., 1971; 
Schmidt and Butler, 197 1; Zalcberg et at., 1983; Smith et a/., 1979; Butler et a/., 
1977). Moreover, Fab fragments of the digoxin-specific antibodies were, successfully 
employed in a case of human suicidal digoxin poisoning (SMITH et at,, 1976). Such 
beneficial effects were not observed with the amaioxin-specific immunoproieins. This 
failure is most probably explained by the different locations of the targets of the two 
toxins. Incorporation of digoxin into tubule cells prevents the glycoside from binding to 
its target enzyme, the NaVK" -dependent ATPase located on the outer surface of plasma 
membranes. Alpha-amanitin, on the other hand, when complexed with its Fab, 
apparently uses the protein as a vehicle for penetration into tubule cells thereby gaining 
access to its target enzyme, the DNA-dependent RNA polymerase II (or B) (STlRPE and 
FtUME, 1967). Thus, the toxic activity of digoxin can be expected to be decreased, while 
that of a-amanitin may be greatly enhanced. 

In conclusion, the present results speak against the feasability of an immunotherapy of 
human Amanita poisoning using a monoclonal antibody or its Fab fragment. They 
confirm our previous finding that purified polyclonal antibodies of rabbit enhance 
amanitin toxicity in the mouse by a factor of two (KlRCHNER and FaULSTICH, 1986). On 
the other hand, the Fab-treated mice died from very low doses of o-amanitin indicative of 
a highly specific targeting of the toxin to the proximal convoluted kidney cells. It is 
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therefore possible that the a-amanitin/Fab-trcaied mouse could be employed as a model 
for studying acute kidney failure. 
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ABSTRACT 

The direct administration of chemotherapeutic agents into the 
penton aJ cavity has been investigated as a method to treat 
cancers residing within the peritoneum. The benefits of i.p. dnjg 
administration are limited, however, by the systemic toxicity of 
antineoplastic drugs which diffuse out of the peritoneum and into 
the genera] circulation. We propose that antidrug antibody frag- 
ments may be useful in binding chemotherapeutics in the general 
circulation, thereby reducing the systemic tissue exposure and 
toxicity resulting from such i.p. therapy. Inasmuch as antibody 
fragments directed against antineoplastic agents are not avail- 
able, we tested our hypothesis by using i.v, administered ovine 
antidigoxm Fab fragments and determined their ability to limit 
digoxin tissue exposure and toxicity in mice after an i.p. digoxin 



miection. The rate of digoxin disappearance from the pehtoneaJ 
cavity and the fraction of digoxin unbound in the peritoneal cavity 
were also assessed to determine the effect of the antibody 
fragments on pemoneal exposure. Our results showed that the 
antidigoxm antibocy fragments can greatly decrease digoxin 
tissue exposure and toxicity without affecting peritonea] expo- 
sure, unbound fraction of digoxin in the pentoneum or peritonea] 
digoxin disappearance rate. Although the utility of dnjg-binding 
antibodies and antibody fragments for the treatment of drug 
intoxication is well known, these results demonstrated the po- 
tential ability of anodrug antibody fragments to improve the site- 
specificity of drug therapy. 



Direct drug delivery into the peritoneal compartment has 
been studied as a method to treat cancers residing within the 
peritoneum. It has been theorized that i.p. administration of 
cancer chemotherapeutic agents would allow for greater drug 
exposure to the tumor while simultaneously decreasing sys- 
temic exposure and^ toxicity (Dedrick et oi, 1978; Clay and 
Howell, 1992). Unfortunately, results of early phase I and phase 
II. clinical studies assessing the benefits of i.p. delivery have 
shown lower than optimal decreases in toxicity or increases in 
effect (Howell. 1988; Clay and Howell. 1992). 

One reason for the lack of success of direct i.p. therapy for 
some drugs is the development of toxicity arising from the 
distribution of the drug from the peritoneal cavitv into the 
general circulation. An approach to overcome this problem is 
to administer drug into the peritoneum and simultaneously a 
drug-complexing agent into the systemic circulation, so as to 
reduce the exposure of systemic tissues to free drug. Howell tt 
oi (1982) have investigated this optimization approach in a 
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study of the utility of sodium thiosulfate for the reduction of 
cisplatin toxicity. The benefit of this combined therapy, how- 
'ever, was limited by the slow rate of thiosulfate-cisplatin com- 
plexation in plasma (Howell, 1988). 

We postulate that antidrug antibody fragments may be su- 
perior complexing agents for this approach. Antibody fragments 
may be produced against a wide variety of substances, including 
many drugs. Antibodies generally exhibit extremely high spec- 
ificity and binding affinity for their antigen (K^ common range: 
iO 4 to 10 10 M~ l ), as well as rapid binding rates (commonly: iO 4 
M" 1 • sec" 1 ) (Stryer. 1988). In addition, the high molecular 
weight and polar characteristic of antibody fragments should 
result in favorable distribution properties (i.*., the antibodies 
are expected to remain primarily in plasma, with a very slow 
diffusion rate acros* the peritoneal membrane). 

To determine the potential uae of antidrug antibody frag- 
ments for the optimization of i.p, drug delivery, we have con- 
ducted a preliminary investigation into the general pharmaco- 
kinetic and physiological implications of the approach, by using 
the cardiac glycoside digoxin and ovine antidigoxin Fab anti- 
body fragments (Digibind, Burroughs. Wellcome Company, Re- 
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search Triangle Park. NC) as model agents. Use of a model 
system was necessitated because antibody fragments directed 
against commonly used cancer chemotherapeutic agents axe 
no: yet available. 

The present study waa designed, therefore, to determine 
whether the simultaneous administration of digoxin (i p ) and 
anudtgoxin antibody fragments (i.v.) would 1) reduce observ- 
able digoxin toxica* 2) reduce systemic digoxin tissue expo- 
sure; 3) affect the unbound fraction of digoxin within the 
pentoneaJ cavity; and 4) affect the disappearance rate of di- 
goxin from the peritoneal cavity, when compared to adrninis- 
trauon of digoxin (i.p.) alone. 

In addition, computer simulations were conducted to predict 
the ability of the antibody fragments to affect digoxin tissue 
and pentoneal exposure. The results of these simulations were 
used to determine an appropriate antibody fragment dose to 
ininimue tissue exposure while not affecting peritoneal expo- 
sure. .Further simulations were conducted to assess the influ- 
ence of the antibody fragment-digoxin association rate disso- 
ciation rat* and affinity on tissue exposure. Simulations were 
earned out by^ing the model depicted in figure 1 through the 
use of ADAPT II pharmacokinetic software (D'Argenio and 
bchumitzky, 1992). 
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Methods 

Simulation.. The pharmacokinetic model used to describe digoxin 
" flfurt 1 *"d is based on the following equations: 
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.n t il^ ^, <• Bad ^ "ncantraUon. of digoxin. free 

anubody fr^.nu and anubody fragTn.nt-digoxin complex in th. 

^«,^J' V ^ Cu J tad C - *" ^ "ricantmion. of oiaoxin. 
fr^ anubody fragment and antibody fra^.nt^goxm complexT^ 
rupacuva central dutribuuon volum.s; C„ U th. concentration of 
**o*Jx» w,thin lb. tuaua compartment and t u tin,.. AUo A. A* 
*- tnd V. th. rata conatanu for digoxin ab^rption from tba 
ixnwtiaum, anubody n-agmant-digoxin aaaociation. antibody frag- 



ment^gox-n tW.at.on. elimination of digoxin and el.mmat.on of 
antibody fragment,, respectively. CL^ is ,he distribution clearance of 
digoxin; and CLo. u the distr.bution clearance of antibodv fragment 
between the pernor,,.! and central compartment*. I'. iw'v. r «d " 

volume of di.tnbui.on of digox.n. the t.ssue v 0 | U m, of distribution for 
digoxin and the volume of the peroneal cavuv. respectively 

U.gox.n pharmacokinetic parameters for the mouse ,CL U k f . 

IcriS / C ,o- Md b> ' C ° nVerSi0n ° f Pub,ished ^"Ponentiaidau 
S f Th • 198 " W d *" C ° nSiStem W ' lh ' -o-compartment 
model. The rate consunt *, w„ determ.ned experimentally in prelim- 
.nar> exper.ments. Ant.cLgoxin Fab fragment parameters , V. and * ., 

Z'r^lZ f'r w m Gr " T,thS " " L ,l984 '- Th ' «'i»i"«ion and 
' of Fab fragment, and the Fab fragment. d.gox.n complex 

•«re assumed to be .dentic.l. CLo. w M estimated to be 9 x 10" hiers 
kg 1 mm '. r5 

A series of simulations w., conducted to aid in the determinat.cn of 
■ « appropnate antibody fragment dose for the an.maj studv In th.s 
exerc.se. the dose of digoxin administered held at 1.02 x 10- mol/ 
kg whereas the ' antibody fragment dose was increased from 10- mol 

,S. -kJ 00 , " sociation " nd dis.oc.at.on rate constants for 

the ant.body fragment were fixed in this series at: - 10* \f> . sec - 

««h nThT- ' Pr0ducin * an «q"i'ibr.um consiant consistent 

«»h published values for the ant.digoxin Fab fragments |J£, : 10' \\- 
Smith « o/.. 1970; Curd „ oi. 1971). The AUC T and the AUC, were 
obtained c-io the linear trapexoidal method from 0 to 240 mm at each 
dose of the antibody. The FEt after antibody fragment administrat.on 
was defined as the AUCx obtained at each antibodv fragment dose 
divided by the AUC T observed when digoxin was pven without antibodv 
fragment treatment. The FE P was defined in the same manner 

In a second series of simulations, the effect of altering the antibodv 
fragment assoc.ation rate, dissociation rate and affin.tv on FEt *ere 
assessed. The b.nding parameters w« re tested in the following ranges- 
^ 10' to 10' M- sec-; ^. 1 0 - to 10* sec-; /C,. 10= to 10' M". For 
thM. s.mulat.ons. the do M , of antibody fragments and digoxin were 
held at 1.02 x 10- mol/kg. These simulation, w,„ conducted to 
determine wh.ch complex.tion parameter w«, m0Jt important for 
reducing tissue expoiure. 

Mortality experiment. Mala B«Jb-C mice (weighu: 12.5-23 r 
Hwlan Indianapolis. IN) w, re paired into two weight matched group, 

no. 03223; Elkm.-Sinn, Cherry HiU. NJ) admini.tered by i.p. injection, 
in the ust group of mic. an equimolw d<»* of antidigoxin ovine 
immune Fab fragm.nu (512 mg/kj. Digibind. lot no. 8X2748; Bur- 
rough, W.Hcom.) «a, adminiitered by i.v. injaction (vie the tail vein) 
3 to 5 mm be for. th. digoxin dose. Animal, were monitored for . 
«*aauon of respiration and .urvivaJ time w U recorded. The experiment 
wa, Unrunatad at 240 min ifUr the digoxin injection and .urviving 
animal, war. tacrificwj by crvical di,Iocation. 

Th. digoxin inr»ction solution contained 250 u»/ml of A„^:~ 
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; . .olubilizec in 40«6 propylene glycor and 10% ethanol. The wtidiaoxin 

- ■ ^ • r "«= ent " ln ^ tlon *" u »°n conuuned AO mg/mi of Fab fragments 
:n Cistillec water. ^ 

Ti«u. «po.ure. Male BaJb-C mice were randomlv separated into 
. control group un.mais receiving i.p. digoxin alone. 800 uz/li aa a 

- ogox.n solut.on of 25 .g/din^S propylena flycol anJ 1% 8 e * 
and a test group (an.mala receiving i. p . digoxin. 800 „gAg and i v 
•niidigoxu ant.body tegmenta. mgAg. aa a 10 mg/ml wlution in 
dolled ..«,) The antibody fr^ent doe. used •„ approximately 

• e<,uunol«r to the dose of digoxin adminiatered, a^ing a specific 
b.ndang acuv.ty of SOS and a MW of 50.000 daiton, for the antitoxin 
Fab fragment (Curd « oi. 1971: Cano « cL. 1992). Th«« animaJ.Trom 
each group were sacnf.ced by cervical allocation at 5. 15. 30 and 60 
rain after injection of digoxin. 

Immediately after sacrifice. 5 ml of normaj saline waa injected into 
the pentoneaJ cavity of the expired animal. After maaaaging the abdo- 
men of the animal 1 ml of fluid was removed from the peritoneum for 
en.lys.s ot tree and total digoxin concentration. The total amount of 
cgox.n ,n the pentoneaj cavity was calculated, turning a total final 

VaaT . V °' Uae ° f 5 ml " w " 4Mun " d 
edded to the peritoneal cavity after sacrifice w„ very much larger than 

the pentoneaj flwd volume just before sacrificed The heart, brain and 
.ett h.nd-leg skeletal muscle were also collected for analysis. From these 
data, the fraction of unbound digoxin in the peritoneum, peritoneal 
disappearance rate of digoxin and the AlX T s were obtained. The 
ALCrs were obtained from 0 to 60 min vie the linear trapezoidal 
method, by us.ng the mean of the three tissue concentrations at each 
iacriTice time. 

Tissue extraction. The method used for extraction of digoxin was 
rr.od.ed trom that of B.rman « at. ( 1977) for the extraction of digoxin 

• rom sheep t.ssues. Briefly, tissues removed from treated animals were 
-e.ghed wet. minced with a razor blade, then suspended in 6 ml of 

PT?on\1 n* thf0U?h U " P ° l> ' lron li " ue homogemzer (model 
PT10/35). D.gox.n Vii extracted from the tissue suspension with two 
-ashes ot .0 ml ot methylene chlonde. The pooled methylene chloride 
pr.aaes were evaporated to dryness under a stream of hitrogen gas The 
««.-acted mgox.n ««, then reconstituted with normal saline for analv- 
m. ihe reconst.tut.on volume was varied to prepare samples within 
.he rime ot analysis ipecified by the Abbott TDx. Le.. 0.2 to 5 ng/ml 
The eific.ency and variability of this method were determ.ned bv 
MaeM.ng the extraction of known quantities of digoxin which had been 
«cded to prepared :,„ue homogenates. Five homogen.te, of mouse 

.wT; 'J '! 3,UKl< dnd bfain W « re " *bove. Digoxin w.s 

aaced directly in ,o the homogenates. which were then treated as 
cescrtbed above. 

Similarly, the eff.c.ency and variability of extraction of digoxin from 
...e ent.boay :rairr.f.-.:i were assessed. Digoxin and antidigoxin Fab 
iraipn.nts were added to a reaction vial in sufficient quantities to 
produce measurable aaounu of total and free digoxin. The contents of 
the v,al were incubated for 90 min at A'C. Aliquots of 2 ml were 
removed and subjected to extraction as described above. 

Digoxin aaaay. Digoxin concentrations were analvzed bv FPU 
*ith the use of in Abbott TDx automated FPU device (Digoxin II 
k.ts lot nos. 6409^100 and 66519O100: Abbott Laboratories. Abb,- 
r-»rk. ill As the assay kit w« calibrated with human senim standards 
a standard cunt w., constricted with samples in norma] saline to 
•void inaccuracy due to matrix differences. Correction for matrix 
differences w„ accomplished through the use of the following equation 
obt.med from the standard curve: (digoxinU - 0.847 . (digoxinU^ 
- 0 U ng. : ml. FPU was choaen as the asaay method of choice bJ^ZZ 
o its ability to provide accurate total digoxin concentration, in spit. 

...U9o9 N ^ n g y , U 0^ ^! ,V,,I ° f ^™ '"'«»* "I-™- «H- 

UUr.flUr.UoB. The free conc.ntr.tion of digoxin in the peritonea] 

So! Z\1r a Z R ? thr0U ' h *" ° { C#ntri ^ dtnfihmiin tub- 
dot no. MCA129; Amicon, Beverly. MA). Ultraflltrated urnoU, w,re 
centered a, 4000 rpm (approxia.uly 1200 x for 15 m in. A 
•undard curve . u pn.^ted for a^„m.nt of uitrafUtr-tad sample 



as ultraiiltracion itself may a;fec: the report digoxm „«,.,.,..„ 
(Banner « oL. 19921. The equ.t.on obt,med from the sunda- . 
to correct for :he combined effect of the normaj sahne a ^^d 
uJtraf.ltrat.on -as: (digoxinU - 0.893 - (digoxin|_^ * 0 =5 -- 
Utrat.ltr.tion of digoxin by this method was shown pr ^ :0 ^"Z 
prov.de accurate free digoxin concentrations (Hunting « * > U -\ ' 
Sta,..t,c. Data are presented aa m.«. * S.D. Sign.fican't differ- 
ences were concluded if P < .05. a. determ.ned by Student's ; s J 
companng the control (digoxin aJon.) u .. the antibody fragment group 
(digoxm and antibody fragments adminiatered). P 

Results 

Simulations. The dose- ranging simulation* conducted pro- 
duced a stgmoidaJ log antibody fragment m. FEt curve \ 3 
expected, the FEt (the ratio of the digoxin AUC T obtained after 
r ao fragment administration relative to control) decreased as 
the ant.body tragment dose was raised relative t6 the digoxin 
dose. However, the FE P remained unchanged in the am.bodv 
fragment dose range examined (10"' 0 to 10" 1 mol/kg tig ->>' 
These s.mulations therefore predicted that dramatic reductions 
in .tissue exposure may be produced at antibody fragment doses 
which do not decrease peritoneal exposure. At the antibody 
fragment dose used for the tissue exposure study, i 02 x 10" 1 
mol/kg. the simulation produced an AUC T which was 14 i«S of 
control and an Al'C, which was lOO^o of control. 

The second series of simulations demonstrated that the an- 
tibody tragment-digoxin equilibration constant is the binding 
parameter related most closely to antibody fragment efficacv 
r h T was shown to decrease with increasing antibody fragment 
affinity (fig. 3); however, paired changes in the association ar.d 
dissociat.on rate constants (i.e.. k„ and K, were altered whereas 
K, w as held constant) did not affect fractional tissue exposure 
(data not shown). 

Extraction efficiency. The extraction of digoxin from 
tissues and ant.digoxin Fab fragments was of good efficiency 
and low variability in all cases. Efficiencies for the mouse heart' 
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Fig. 2. Simulated fractional exposure of digoxin in me pentoneaJ ( ) and 
tmue (O) compartments of tne mouse, as a function of antibody frag- 
ment/d»gox»n dose ratio. Fractional exposure after antibody fragment 
administration is ootajned by dividing tne AUC (0-240 min) at eacn 
antibody fragment dose by tne AUC (0-240 min) observed when no 
antibody fragments were given. The doae of digoxin used in tnis s«mi> 
tatxDn was he4d at 1.02 x 10^ mo*/Kg, wnereas tne antibody fragment 
dose was increased from 10"" t 10^ moyVg. The vaJues of tne mode* 
parameters used in these simulations were held constant as described 
*i the text. 
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^'kI, ^ * mu,aled relationship of fractional tissue exposure and 
antiooay fragment affinity. The doses of d.gox.n (i.p., ana ant.d.gox.n Fa£> 
fragments (..v.) were eacn he<d at 1 .02 x i 0 - M/kg. The range of k m 
used m these sjmmations was: 10 to 10- M"' sec' 1 , whereas trte range 

^T 8S: ° 10 10 SeC " V F ^a ( onal iissue exposure after PaD 
iragmen* administration was ootamed Dy dividing the AUCr (0-240 mm) 

1 nt^ f 9ment d0SC ° y me AUC? (0 " 240 m,n > observed when no 
antioooy fragments were given. 
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lL \ wrcentage of animals surviving a toxic dose of digoxin (8 
nig /kg) , s shown for animals receivtng digox.n alone (...) and those 
recemng a.gox.n ,.p. and antidigox.n antibody fragments (512 mg/kg) i v 

( ]. Mean survival time was used for statistical companson of the two 

groups • 

skeletal muscle, brain tissue and from the antibody fragments 
were: 87.0 ± 8.6. 73.2 ± 4.5. 74.7 * 5.4 and 93.7 ± 1.1% 
respectively. Tissue concentrations reported were corrected for 
these extraction efficiencies. 

Mortality. Administration of the antidigoxin fragments 
greatly increased survival rata. At 240 min after digoxin injec- 
tion. the survival rat* for the antibody group was 90% whereaa 
n of the conlro1 ^° U P (digoxin alone) survived (P - 
.006). Pretreatment with the antibody fragment* decreased 
mortality substantially (fig. 4). 

TUsue exposure. In the thrw tissues monitored (heart, 
skeletal muscle and brain), significant reductions in digoxin 
concentrations were observed (table 1). The AUCr was reduced 
•ubetantially in the antibody fragment-treated group relative 
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to the control group. The FEr. defined as the M'C- Fab AIT 
control, was 0.56. 0.17 and 0.71 for the hear., ouscle and '^-* 
respectively. 

Fraction unbound. The Fu<p> of the ar.tibodv framsent. 
treated group was not found to be statistically differenV from 
the control group at any time (table 1). This finding is sup. 
portive of the expected slow rate of diffusion into the peritoneal 
cavity for the antibody Fab fragment. 

Disappearance rate. The rate of disappearance of perito- 
neal digoxin. which was calculated from the decrease of total 
peritoneal digoxin with time, was not significantly different for 
the two groups (T* absorption was 12.0 i 2.0 min for the Fab 
fragment group and 9.8 * 1.8 min for the control group) The 
presence of antibody fragments in the systemic circulation did 
not appear to influence the rate of digoxin diffusion from the 
peritoneal cavity. This finding was anticipated because the 
concentration of digoxin in the peritoneal cavitv was expected 
to be much greater than the free concentration of digoxin .n 
plasma until very late in the experiment when a significant 
fraction of digoxin has been absorbed. A "sink" condition 
existed for both the antibody fragment and control groups- 
thereiore. the disappearance rate of peritoneal digoxin was 
largely unaffected. 

The peritoneal exposure to digoxin. which is a function of ' 
the disappearance rate of digoxin from the peritoneum and of 
the Fuipi. was not different for the Fab fragment group com- 
pared to the control group. 

Discussion 

Howell et al. (1982) investigated the utilitv of a competitive 
binding agent (sodium thiosulfate) for the reduction of the 
system.c toxicity of an i.p. cisplatin infusion. The investigators 
simultaneously infused sodium thiosulfate (i.v.i and cisplatin 
(i.p.) into several ovarian cancer patients, with the expectation 
that the sodium thiosulfate would bind and neutralize cisplatin 
immediately as it entered the bloodstream, therebv preventing 
system.c exposure and toxicity. Unfortunatelv. it was found 
that sodium thiosulfate was not able to increase the plasma 
clearance of free cisplatin significantly, nor was the binding 
agent able to gTeatly decrease systemic exposure to cisplatin 
substantially (Howell et aL. 1982). This failure was presumably 
due to the slow rate of thiosulfate-cisplatin complexation 
(T„ - 225 min) relative to the elimination rate of free cisplatin 
by other means (T H - 66 rain) (Howell. 19881. 

The present study suggests that antidrug antibodv fragments 
may be superior complexing agents for the optimization of i.p. 
drug delivery. Antibody fragments generally exhibit rapid bind- 
ing rates, high specificity and affinity, as well as desirable 
distribution and elimination characteristics. We have investi- 
gated the potential use of antibody fragments for the optimi- 
zation of i.p. drug delivery through a series of experiments and 
computer simulations. Digoxin and antidigoxin antibody frag- 
menu were used as model agents for wsting this approach. 

Our experimental results demonstrate that antibody frag- 
ments may decrease the systemic exposure and toxicity of 
digoxin without affecting the peritoneal exposure, fraction un- 
.bound or disappearance raw. Systemic exposure and toxicity, 
therefore, have been dissociated from local drug exposure 
through the um of drug binding antibodies. These results 
suggest that drug toxicity may be prevented without affecting 
drug exposure at the active site. 
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TABLE 1- 

Digoxin ti«.u« concentration, and Fu(p) for the antibody and control 
Vaiu«3 ana rr^an * S O. 



V3/ 253 



groups 




Mean 

Musci« 

8rajn 



24.8 ± 4,6" 
6.1 - 1.8' 
3.9 r: 0.5" 

0.80 = 0.01 



77.5 * 15.8 
24.3 - 10.5 
10.2-2.3 
0.73 r 0.004 



170.7 - 93.4 
64.8 r 67.8" 
20.0 - 5.0 
0.83 ± 0.03 



Kuut Cancm. or Gyo/>n /no/p am* ^ 
277.0 £ 99.4 199.2 £ 44.5** 337.7 - 34 3 
159.8 = 23.6 30.2 = 20.7*" 238 6 - 19 9 
15.2 = 6.3 15.5 = 1.3* 22 7 - 4 4 
0.89 = 0.19 0.86 = 0.44 0 78 - 0 16 



•P<0.0 5cOT pa^to^cco M on>x>:»P<O.Ol cornp^ t0 m. m group: - P < 0. 001 cor^ao to <r* conw w 



137 2 - 63. 6" 
48.3 = 52.6" 
11.5 = 2.4 — 
0.65 = 0.08 



286.0 = 50.8 
409.3 = 21.0 
23.7 = 17 
0.70 = 0.16 



The simulations conducted assumed a small vaJue for the 
distribution clearance of Fab fragments between the peritonea] 
and centra] compartments. Unfortunately, we were unable to 
measure the rate of appearance of Fab in the peritoneal com- 
partment to obtain an experimental estimate for this clearance 
value. However, the use of a small value was consistent with 
the experimental observation that the Fu(p) and the rate of 
digoxin disappearance from the peritoneal cavity were not 
diiferent in the Fab fra gin em -treated group relative to the 
control gToup. If the distribution clearance of the Fab fragments 
had a larger vaiue. then the unbound fraction of drug in the 
peritoneum and the rate of digoxin exiting the peritoneum 
would be expected to be altered. 

The observed experimental results were predicted quality 
lively through computer simulation. The use of a - phvsiologi- 
car model fGerlowslci and. Jain. 19S3) may allow for more 
accurate estimation of individual tissue exposures than the 
primitive "tissue cluster" model which was used for our simu- 
lations. However, the practical utility of such a model may be 
limited by its complexity. The model which we have presented 
may have general utility in describing drug disposition in the 
presence of binding substances. This model may be useful in 
screening drug candidates for the proposed antibody complex- 
ation approach, as well as for the development of optimal dosing 
strategies. 

Although the utility of drug binding antibodies for the treat- 
ment of drug toxicity has been well documented (Smith et ai. 
1976; Amman e: ot. 1990; Brunn ef a/., 1992), our results have 
demonstrated the potential utility of antidrug antibody frag- 
ments for the enhancement of drug site-specificity. It is possible 
that the proposed approach may be used as an adjunct in the 
treatment of cancers contained within the peritoneum. Sys- 
temic toxicity., particularly bone marrow depression, is often 
the dose-limitine factor in cancer chemotherapy. Optimization 
of i.p. drug delivery through antibody complexation may sub- 
j J*.*** *.. e *v±ls.^ 3 ,.,», UUAC curves of antineoplastic 
drugs administered into the peritoneum, thus allowing more 
drug to be given at acceptable levels of toxicity. Cure rates can 
be expected to follow the increase in administered dose, as most 
cancer chemotherapeutic agents are known to have a steep dose 
t*.*. response relationships. 

There are. however, several concerns which must be ad- 
dressed before the implementation of this type of therapy. First, 
the alteration of drug diitribution which acc mpaniea antibody- 
drug complexation may reault in a potentiation of drug toxici* * 
tiei or the development of new dm* toxicities in certain cases. 
For example, Faulstich et aL (1988) have shown an enhance- 
ment of the renal toxicity of a-amantin (a muahroom toxin) 
when this toxin was coadministered with an ti am an tin immu- 



noglobulin G and Fab fragments. This toxicity is presumed to 
result from an increased delivery of the toxin (as the antibody. 
toxin complex) to protein-metaboiizing cells of the kidnev. The 
risk of redistributing systemic toxicity, rather than minimizing 
systemic toxicity, should be appreciated as a potential outcome 
of the proposed approach. 

Additional important concerns are: 1) production and puri- 
ficauon of antibodies directed against antineoplastic agents- >l 
immunogenic^ of the antibodies; and 3) cost of therapy 
Further work on overcoming these formidable hurdles is re- 
quired before the practicality of the proposed approach mav be 
validated fully. 
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«zyme is used ins.cad of S G e ^ ^J^' V^"" chimed when Fab 
".her tedious procedure for Dre Z I- me,hod ° f P ° r,er < 1959 > « ■ 
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Materials and Methods 
Rabbit f$G 



ra !Scd against a ncuram*;., '.-i ' K0) ' The >mmu ™ serum had been 

b '°- "ale.. X ' n ' ,S ° laieJ ^ — ° f « h « Aus,r aIia „ 



:oo 



■ Solid-phase papain . 

"... -' • mi "!'Vani $ of ..papain (EC, no. -3.J.22.2) (ype III. twice rccrvsialliscd 

■. • - obtained from S.gma wereVeacted with 0.5 g of. activated CH-Sepharose 48 (Phar' 
maeia) according 10 the manufacturer"* instructions. 
< .^'"f'y-^e Pcrccot -*orthe' papaTn'.Ws' covafcmlv bound to the solid phase 
Unbound papam was estimated by the' Folin-Lowrv procedure ( Uwrv et al 195 |j' 
The sol.d phase was stored as a 10% v/v suspension at 4°C in 0.05 M phosphate-' 
buffered saline. pH 7.4 (PBS) containing 0.1% sodium azide. 

Preparation of Fab 

The procedure used was lhai described by Hudson'and Hay ( 1976) except for the 
use of solid-phase papain and protein A to obtain Fab fragments. 

The following reagents were added to 10 mg of rabbit IgC in I ml of PBS: 0.2 ml 
of 16 mg/mi cysteine hydrochloride. 0.2 ml of 8 mg/mi EDTA. sodium salt. 1 ml of 
solid-phase papain (equivalent to I mg). washed with 0.15 M phosphate. pH 7.0. to 
, remove sodium azide. . . 

A < '.' r.Thc^rnix\ure.was incubated with, gentle stirring at 37°C for 4 h. The solid phase 
was scdimented by gentle centrifugation (1200 x x for 5 min) and the supernatant 
washed through a 4 ml protein A-Sepharose CL-4B column with 10 ml of PBS (pool 
A). Undigested IgG and Fc fragments were eluted from the column by successive 
washings with: 10 ml of PBS containing 0.IS Tween 20: this was discarded. Ten 
millilitres of PBS. discarded. Ten millilitres of 0.1 M glycine/HCl containing 1 M 
NaCL pH 3. This was collected into 10 ml of PBS and adjusted to pH 7.4 with I -V( 
NaOH (pool B). 

The column was finally stored in PBS containing 0.l a o sodium azide. 
Pools A and B were concentrated separately to about 5 ml by ultrafiltration over 
a PM-10 membrane in. a model 52 cell (Amicon). 

' IgG and Fab concentrations were determined with values of E l ^ nm » 14.0 and 
14. S respectively (Mandy and Nisonoff. 1963). 

* Immunoelectrophoresis (I EP) 

IEP was performed by the method of Scheidegger (1955). The antiserum used was 
rabbit anti-textilotoxin. 

Sodium dodecyl su/phate-pofyacrylamide get electrophoresis (SDS-PAGE) 

SDS-PAGE was performed as described by Weber and Osborn (1969) and 
Laemmli (1970). SDS was obtained from British Drug Houses as *ere acrylamidc 
and methylenebisacrylamide. TEN! ED and 2-mercaptoethanol (2-ME) were from 
Eastman Organic Chem. Protein molecular weight standards were obiained from 
Pharmacia. 

Analytical ultracentrifugation 

The molecular weight determination was done by meniscus depletion in a 
Becfcman model E analytical ultracentrifuge. The method of Yphantis i\%4) was 
used. A v value of 0.73 cc/g was assumed for rabbit Fab. 
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Enzyme immunoassay (EI A f 

ElA »•« ««d «o determine .he specific anuoodv litre af.er preparation of Fab 
from IgG. The El A was as described previously (Coulter et a |.. 1981 ) for direct assav 
of snake venom. The well* of polystyrene microhaemagelu.ina.ion plates (u- wells' 
C ooke Lah. Prod., were coated with textilo.oxin. The following procedure was u<ed' 
Plate* were floated in a water hath a. 37°C for 2 h af.er adding 0.1 ml of I „e /ml 
«e.u.loio*in m 0.05 M sodium carbonate buffer. pH 9.6. .o the we'll*. The plate* u ere 
washed and incubations performed as previously described (Coul.er et al 1981) 
The relative ability of rabbi. IgG anti-textilotoxin and Fab an.i-.exiilo.oxin to block 
the uptake of rahb.t IgG an ti-textiloioxin- horse radish peroxidase (HRPO) con- 
J c USa 'f % tht P ol - vs, y rcnc bound textilo.oxin was determined in the following wav 
Serial d.lut.ons .of IgG and Fab were incubated in wells coated .with lex.ilo.ox'in for 
30 mm at 37 C. Af.er washing and subsequent reaction with conjugate the degree to 
which IgG and Fab had blocked conjugate uptake was determined bv in.en'si.v of 
colour development on addition of substrate to the wells. 

Mouse protection assavs 

IgG and Fab anti-textilotoxin were tested for their ability to neutralise the lethal 
. effects of text.lo.oxjn in mice. Eighteen to 21 g Swiss mice (CSL strain) were used in 
the assay. Four m.ce were used a. each dose level and all injections were given 
intravenously. Four LD >U of .cxtiloto.xin were incubated with serial dilutions of 
immune IgG and Fab. All doses were given in a volume of 0.2 ml. A 0.IS solution 
of bovme serum albumin in O.SSS NaCl was used as diluent: this reduces non-specific 
adsorpnon of lexiilotoxin (Broad et al.. 1979). 

IgG and Fab prepared from normal rabbit IgG were used as controls. 

p^lZT*' Chr0ma '° Sr0phv °f Fab P r *P° r * d *>• '*< solid-phasc papain /protein A 
Fab prepared by the solid-phase papain/pro.ein A procedure was subjected to 

I„Vi,v M0 C ^ r ° ma,O8raph - V - ^ mC,h0d ° f Por,cr C959) as modified by Hudson 
ana May (1976) was used. 



Results and Discussion 



•sincl, H (t TT ^ CPared b> ' S0lid 'P ha$c Papain/protcin A procedure cave a 
band of w „™ 00 SDS " PAGE ru " ^ non-reducing conditions. A 'single 
f Fic R U ^ U ' a lt' ainCd °" SDS - p AGE run under reducing condi.ions 

l2£i <: M.r 5 a FC fra8mCmS haVe A/ ' S ° f aboul ^-O 00 < Marlcr « a '- 

\ J t f CC,ablC b> ' SDS - PAGE ,hc Fa *> preparation. 

• ll' ° -,°° L wa$ ob '3«ned by sedimentation equilibrium. The M, was constant 
through mos. of the solution column, with a slight increase towards the base of the 

cn<n^™ 'I*,? 6 P rc P ara,ion a e ainsl » -nominal 10.000 M cut-off membrane 
ensures removal of low M, products. Apari from the. Fab band, no other high or low 
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Fig I. Sod.um Jodccyl .ulpru.e-polvacrylarrJde gel clcc.rophorci, (Laemmli. 1970) of rabbi. IgG and 

S^i *? r -^"^ n --.y?«?)-.«Sl «"•« »"ow„, Qe. .: NWpro.ein A bound ma.eria. 2, 

>o .J-phaw papa.n d.gc.on. Fab ,un under non-redu^ng condiuon,. Cc. 2: Fab prepared bv he 
w ;d.p* a « papa.n procedure. Sample reac.ed «i.h :-ME. C«l 3: pro.ein A bound component a le 
"ite ■ 1 Se, "° a ^ W<fe e ' U,eJ " '°" PH - C " ™ UnJ " cund ., on , c e ! 



A/ r products were visible by SDS-PAGE. 

When the Fab preparation was fractionated by ion exchange. 94% of the starting 
• material was recovered. Sixty-five per cent of the starling material was eluted with 
the equ.hbrating buffer (0.01 M sodium acetate. pH 5.5) and 29% was eluted before 
a sodium acetate concentration of 0.2 M w as reached. No other material was eluted 
even when I M sodium acetate. pH 5.5. was used. 
- Wher .the anti-texiilotoxin titre of tho Fab preparation was compared with that of 
IgG by ElA. the Fab concentration which yielded 50<5 of full colour in the assay was 
4.5 /xg/ml. The IgG concentration which gave the same colour was 6 ? M g/ml In 
terms of anti-tcxtilotoxin activity i n , he ElA. when their relative \f, s are considered, 
the Fab and IgG were practically equivalent. The final yield of Fab was always 
about 75$ of that theoretically possible, i.e.. 5 mg Fab from 10 mg of IgG. 

The neutralisation tests performed in mice showed that on a weight basis the IgG 
and Fab anti-tcxtilotoxin preparations were equivalent in neutralising abilitv i < a 
loss of approximately 30% of specific antibody activity. • * ' 

When equivalent concentrations of Fab and IgG -inti-texiilotoxin were tested bv 
IEP against lext.lotoxin. precipitin lines were obtained wi,h kG but not with the 
Fab preparation. 

These results demonstrate that Fab fragments can be obtained from rabbit IeG 
with losses of 20-305 of initial IeG antibody ac.ivi.v. The steps involved in The 
procedure are relatively simple. The solid-phase papain is not difficult to prepare- 
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.he r«ci,on uiih |gC .s straightforward as in .he protein A purification of the Fab 
The procedure represents a marked improvement in terms of simplicity and time 
saving over the ion exchange procedure for the preparation of rabbit Fab fraements 



Note Added in Proof 



Since completing this paper an important article came .o our attention describing 
the same experimental procedure: 

Goding. J.W.. 1978. J. Immunol. Methods 20. 24 L 
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CHAPTER 26 
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TOXIC EFFECTS OF 
ANIMAL TOXINS 

Findlay E. Russell 



Venomous or poisonous animals arc found in all the animal 
classes, including the birds. For the most part, they are widely 
distributed throughout the animal kingdom from the unicellu- 
lar protistan Aiexandriunt (Gonyauiax) to certain chordates. 
including the platypus and the short-tailed shrew. Venomous 
marine animals arc found in almost all seas and oceans. Al- 
though there are no exact figures on the numbers of such 
animals, there are approximately 1200 species of venomous or 
poisonous marine animals (Russell, 1984a), the number of 
venomous arthropods is countless, and there are about 400 
species of snakes considered dangerous to humans. 

The term "venomous animal" usually is applied to crea- 
tures thai are capable of producing a poison in a highly devel- 
oped secretory gland or group of cells and can deliver that 
toxin during a biting or slinging act. "Poisonous animals," by 
contrast, arc generally regarded to be those whose tissues, 
cither in part or in their entirely, arc toxic. These animals have 
no mechanism or structure for the delivery of their poisons. 
Poisoning in these forms usually takes place through ingestion 
(Russell. 1965). 

A venom may have one or several functions in an animal's 
armament. It may play a role in offense, as in the capture and 
digestion of food, or may contribute to the animal's defense, as 
in protection against predators or aggressors. It also may serve 
both functions. The principal biological property of the venom 
of a snake, however, is its food-securing potential. In this re- 
spect, venom is a superior modification to speed. size, strength, 
and better concealment as well as other characteristics seen in 
nonvenomous snakes. In addition, venom plays a role in the 
digestion of the prey. Finally, venom can play a role in a snake's 
defensive posture, as in spitting cobras and ringhals. and in kills 
or underkills in a defensive situation (Russell. 1984b). 

The black widow spider and many other species of spiders 
use venom to paralyze their prey before extracting hemo- 
lymph and body fluids. It appears that the venom is not de- 
signed primarily to kill the prey, only to immobilize it. The 
venom apparatus of the stingray is used for defense. It is not 
employed in getting food, and for the most part its defensive 
use appears to have been spent eons ago. Lionfishes, stone- 
fishes, and weeverfishes also use their venomous spines for 
defense. Scorpions, by contrast, can use their venom for both m ■ 
offense and defense, *; : - - 

Most venoms used in an offensive posture are associated 
with the oral pole of the animal, obviously the most functional:. ;: 
place for their delivery. Defensively designed venoms usually. „ . 
arc associated with the aboral pole, as in stingrays, or with * 
dermal tissues, as in scorpionfishes and certain thcr fishes ; . 
(Russell, 1965: Halstead. 1965). : - - ;t - 

In poisonous animals the poison or toxin may play a small 
role, if any. in the animal's offensive or defensive activities. The • 



poison may be a product or by-product of metabolism or a 
product passed along in the food chain. In the case of Tetrao- 
dontidae. the responsible toxic organisms may be the Vibrion- 
aceac and perhaps other bacteria. In ciguatera fish poisoning, 
the toxic organism, a dinoflagellate. is ingested by herbivores 
and then by carnivores. Ciguatcric fishes in human poisonings 
have fed on smaller toxic fishes or oiher toxic marine animals, 
which in (urn have ingested Gantbterdiscus spp. or other toxic 
organisms. At each step in the feeding process, more toxin is 
accumulated: thus, while poisoning in humans may noi result 
from eating the smaller toxic fishes or marine organisms, by 
the time a large grouper, barracuda, snapper, or other toxic 
fish lhat has led on smaller toxic fishes is eaten, poisoning 
occurs. This sequence of events is known as the food-chain 
phenomenon, as described by Halsiead ( 1965). 



PROPERTIES OF ANIMAL TOXINS 

As one might expect from the various uses to which animals 
put their poisons, these toxins vary considerably in their chem- 
istry and toxicology. Venoms, for instance, may be composed 
of proteins of both high and low molecular weight, including 
polypeptides and enzymes. They also may be amines, lipids, 
steroids, aminopolysaccharidcs. quinoncs. 5-hydroxytryp- 
tamine (5-HT). glycosides, or other substances. The biological 
properties of snake venoms have been reviewed by Zeller 
(I94S). Russell (1967. 1983). Dowling and associates (1968). 
Minion and Minion (1969). Elliott (1978). Tu (1977). Lee 
(1979). and Hnbcrmchl (19SI). With respect lo the venoms of * 
spiders, the text of Marciic and Lebcz (1979) provides a fine 
description and ample references. Kcegan's ( 1980) work on 
the scorpions is a basic text that provides a good overview of 
these arthropods. The loxins of marine animals have been • 
thoroughly described by Halstcad (1965. 1978) and Russell 
(1965. 19S4a),The series of texts by Scheuer (1973, 1978) pro-" 
vides additional data on some marine animal toxins, as does 
the excellent work of Southcott (1979) and Sutherland (1983). ■ 
Readers will find the book by Hashimoto (1979) a useful 
source of data on the biochemistry of marine toxins. Those 
specifically interested in ciguatera poisoning will find the re- 
cent contribution of the Memoirs of the Queensland Museum - 
an cxceilcnl review. 

■ One of the unfortunate facts in the study of the chemistry. • 
pharmacology, and toxicology of venoms is that their structure 
and function arc most easily researched by taking the venoms 
apart. This has two shortcomings: First, a destructive process is : 
used in an attempt to understand an expedient and integrative 
one: second, the essential quality of the venom may be de- 
stroyed before a suitable acquaintance with it has been made. -' : 
Often, the process of examination becomes so exacting that ' 
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the end is lost sight of in the preoccupation with the means: in 
. some cases the means may become a substitute for the end. 
Another shortcoming in the study of venoms has been the 
naive and oversimplified habit of classifying the whole poison 
or even its component parts as "neurotoxins." "cardiotoxins." 
"hcmoioxins." "myotoxins," and other inexact synonyms. Most 
venoms probably exert their effects on almost all cells and 
tissues, and their pharmacological properties arc determined 
by the amount of a specific biologically active component that 
accumulates at an activity site where it is capable of producing 
a change. That change probably has a common chemical basis 
in most tissues, specific not only to the component but also to 
the alteration in ion exchange it may cause at a cell or tissue 
site. Of course, most venoms have a more particular effect on 
one or several tissue sites, but recent experimental work has 
demonstrated the wide scope of the toxicological effects a 
venom or venom fraction can precipitate. 

A clinician must never ignore any symptom or sign in a 
patient or minimize any manifestation on the naive assump- 
tion that the venom has to be a "neurotoxin." "cardiotoxin." 
"hemoioxin." or "myotoxin" with its activity limited to one 
organ or system. While the patient may have respirator)* dis- 
tress from ;i "neurotoxic venom," he or she can also have 
chances in cardiac dynamics or vascular permeability, and 
these chances can become far more life-threatening, particu- 
larly if the physician centers his or her attention and therapy 
on the so-called neurotoxic activity of the venom (an effect 
that often can be treated adequately with simple positive-pres- 
sure respiration). The physician must guard his or her knowl- 
edge and experience zealously and be aware of the limits of 
application of pharmacological data that are based on animal 
experimentation. 

Venoms may have important properties aside from the 
specific activities of their component parts. Important syner- 
gisms that are not obvious from the study of individual frac- 
tions may become apparent in studies of the activity of the 
whole venom, in addition, the whole venom may precipitate 
auiopharmacologicnl reactions that arc not produced by indi- 
vidual fractions. Finally, the problem of the formation of me- 
tabolites in an envenomated organism has not been explored 
in a definitive manner, and this can be an important considera- 
tion in clinical cases. . i [J 

The action of a venom or venom component is dependent 
on a number of variables, including its route of administration, 
absorption, distribution, passage across a succession of mem- 
branes, accumulation and action at a receptor site, and meta- 
bolism and excretion (Russell, 1930a). All these factors play a 
role in determining the action of the toxin. During the past two * 
decades it has become increasingly clear that there are signifi- 
cant variations in the roles of these factors in different venoms 
and different species of animals. In some cases the variations 
in different animals arc more important than the difference 
usually attributed solely to the weight of the animal. Studies • 
carried out in pigs, opossums, certain species of rats, and other 
animals purport to show that these animals arc more "im- 
munc" to a toxin than are mice. Such investigations do not 
take into account the dependent physiological variables in- 
volved in the availability and processing of a toxin in different - 
kinds of animals, influences that arc not related to any princi- - 
pie of immunity. It is a fallacious assumption to treat the LD^, 
of mice and that of the opossum or another animal as direct * 



products of the differences in their weights. In this respect, the 
toxicologist must always be concerned with the question of 
whether a particular difference between animals is caused by 
variables in the effectiveness of the toxin at the receptor site 
or in its absorption, distribution, metabolism. or excretion. The 
fate of a venom or venom fraction, as its activities are spent in 
the animal, has been discussed elsewhere (Russell, 1980a, 
19S0b, 1983). 

ANTIVENOMS (ANTIYENINS) 

Because of their protein composition, many toxins produce an 
antibody response; this response is essential in producing an- 
tisera. An aniivenom consists of venom-specific antiserum or 
antibodies concentrated from immune serum to the venom. 
Antiscra contain neutralizing antibodies: one antigen (mono- 
valent) or several antigens (polyvalent). Animals immunized 
with venom develop a variety of antibodies to the many anti- 
gens in the venom. The scrum is harvested, partially or fully 
purified, and further processed before being administered to 
the patient. The antibodies bind to the venom molecules, ren- 
dering them ineffective. Antivenoms have been produced 
against most medically important snake, spider, scorpion, and 
marine toxins. - . 

Antivenoms are available in several forms: intact IgG 
antibodies or fragments of IgG such as F(ab) : and Fab. They 
arc prepared through AmSOj or Na : SOj precipitation, pepsin 
or papain digestion, and other procedures, among which the 
elimination of the Fc. or complement-binding and comple- 
ment-sensitizing fraction, is one of the most important. The 
molecular weight of the intact IgG is about 150.000. whereas 
. that of Fab is approximately 50.000. 

The molecular size of IgG prevents its renal excretion and 
produces a volume of distribution much smaller than that of 
Fab. The elimination half-life of IgG in the blood is approxi- 
mately 50 h. Its ultimate fate is not known. Most IgG probably 
is taken up by the reticuloendothelial system and degraded 
with the antigen attached. Fab fragments have an elimination 
half-life of about 17 h and are small enough to permit renal , 
excretion. 

Since all aniivenom products are produced through the 
immunization of animals, this increases the possibility of hy- ( 
persensitivity. Type I (immediate) hypersensitivity reactions 
are caused by antigen cross-linking of endogenous IgE bound - 
to mast cells and basophils. Binding of antigen by a mast cell . 
may cause the release of histamine and other mediators, pro- t 
during an anaphylactic reaction. Once initialed, anaphylaxis 
may continue despite discontinuation of antivenin administra- 
tion. An additional concern is an anaphylactoid reaction. This , 
is a term for a syndrome resembling an anaphylactic reaction; 
iis etiology is unknown but appears to be associated with 
aggregated protein in the antiserum. Protein aggregates may 
activate the complement cascade, producing an anaphylactic- ' 
like syndrome. An important difference between anaphylactic . 
and anaphylactoid reactions is thai anaphylactoid reactions ' 
arc dose-dependent and may be halted by removing the anti- ' 
gen. Type III hypersensitivity (scrum sickness) may develop 
several davs after aniivenom administration. In these cases, ' 
antigen-antibody complexes arc deposited in different areas of ^ 
the body, often producing inflammatory responses in the skin, 
joints, kidneys, and other tissues. Fortunately, these reactions 
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Table 26-1 0 

Some Medically Important Snakes of the World (Continued) 



SCI ENT1 FIC AND COMN ION NAMES D I STR IBtTTION 



A'fl/fl n/Ver? — Cape or yellow cobra 
Opluophagus hannah — king cobra 
Waltcrinnesia aegyptia — desert blacksnakc or desert 
cobra 
Kraits and mambas 
Bttngarus cacmUtts — Indian or blue krait 
Bungarus Candidas — Malayan krait 
Bun gams tmtlticinaus — many -banded krait 
Dcndroaspis polylcpis — black mamba 

Australian clapids 
Acanthophis antarctictts — common death adder 
Sated lis sat tat its — tiger snake 
Oxyttrantts sattellattts — Ta ipan 
Psa tt lech is austral is — m u I ga 

Psvudanaja nttchalis — western brown snake 
Pscttdtntaja tcx tilts — en stern brown snake 

V'/i-lhcvummtm name* in ihi\ lahle arc \t\tt\c ccncralk employed j* hierJiuie 
idcntdiCJiioiH tor ihc inakcx. Hi»*e\er. thc>e nanio niav n«u rv the one* 



Nambia. Botswana south to the Cape 
Indian subcontinent. China and Philippines 

Egypt to Iran 

India, Pakistan. Sri Lanka. Bangladesh 
Thailand. Malaysia. Indonesia 
Southern China to Hainan. Taiwan 

Ethiopia and Somalia to Angola. Zambia. Nambia. southwest 
Africa 

Most of Australia. Moluccas. New Guinea 
Southeastern Australia 

Northern coastal Australia, pans of New Guinea 
Most of Australia except southeast and southern coast. New 
Guinea 

Most of Australia except east and souihcast coast 
Eastern Australia 



u*ed by pcuplc in ihe >pcctnc area where ine abounds. 



Tnromhinlike enzymes have been used clinically and in 
animals for therapeutic and investigative studies. In experi- 
mentally induced venous thrombosis in dogs, treatment with 
ancrod before the formation of the thrombus prevented 
thrombosis and ensured vessel patency. However, ancrod had 
no thrombolytic effect when administered after thrombus for- 
mation. Trials of ancrod versus heparin and ancrod versus 
streptokinase in the treatment of deep venous thromboses of 
the lower leg have been conducted. 1 1 appears that neither 
heparin nor ancrod h;is a significant effect on thrombus reso- 
lution, whereas streptokinase produces more lysis of thrombi 
than does ancrod. Crotalasc has been employed to evaluate 
the role of fibrin deposition in burns in animals (Baiwa and 
Mnrkland. ■ I WO. The role of fibrin deposition has been evalu- 
ated in tumor metastasis, in which fibrinogen is rcmoxed by 
treatment with ancrod or batroxobin. Ancrod also has been 
used to prevent the deposition of fibrin on prosthetic heart 
valves implanted in calves (Russell. l9S0b. 1 983). 

Collagcnase is a specific kind of proteinase that digests 
collagen. This activity has been demonstrated in the venoms of 

Tabic 26-2 



Enzymes of Snake Venoms 



Proteolytic enzymes 


Phosphomonocsierasc 


Arginine ester hydrolase 


Phosphodiesterase 


Thrombinlike enzyme 


Acetylcholinesterase 


Collagcnase 


RNase 


Hyaluronidasc 


DNase 


Phospholipase A : (A) 


.^'-Nucleotidase 


Phospholipasc B 


NAD-nucIeotidase 


Phospholipase C 


L-Amino acid oxidase . 


Lactate dehydrogenase 





wenct: Ru»cllM98H 



a number of species of crotalids and vipcrids. The venom of 
Crtnalus at mx digests mesenteric collagen fibers but not pro- 
tein. EDTA inhibits the collagenolytic effect but not the arginc 
esterase effect. 

Hyaluronidasc catalyzes the cleavage of internal gly- 
coside bonds in certain acid mucopolysaccharides. This results 
in a decrease in the viscosity of connective tissues. The break- 
down in the hyaluronic barrier allows other fractions of venom 
to penetrate the tissues. The enzyme is thought to be related 
to the extent of edema produced by the whole venom, but the 
degree to which it contributes to clinical swelling and edema is 
not known. The enzyme also has been referred to as the 
"spreading factor." 

Phospholipase enzymes are widely distributed through- 
out animals, plants, and bacteria. Snake venoms are the richest 
sources of phospholipase A : (PLA : l enzymes. PLA : catalyzes 
the hydrolysis of the fatty acid ester at the 2-position of diacyl 
phosphatides, forming lysophosphatides and fatty acids, pri- 
marily unsaturated. The complete amino acid sequences of 
over 50 snake venom PLA : enzymes have been determined. 
The enzyme is widely distributed in the venoms of elapids, 
vipers, crotalids. sea snakes, and several colubrids. Although 
the sequences of these enzymes are homologous and their 
enzymatic active sites are identical, they differ widely in their 
lethal indexes and pharmacological properties. For example, 
taipoxin. a PLA : enzyme from the venom of the Australian 
clapid Oxyttrantts scutcllatus has an IV LD N , in mice of 2//g/kg. 
whereas the neutral PL At from Naja nigricollis has an LD<o of 
10200/ig/kg. even though /V nigricollis PLA : is enzymaiically 
more active. 

Recent studies have shown that PLA : enzymes can exert 
their pharmacological effects by different mechanisms: hy- 
drolysis of membrane phospholipids, liberation of pharma- 
cologically active products, and effects independent of enzy- 
matic action. Similarly, snake venom PLA : enzynies can be 
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Pending Claims of Serial No. 08/405,454 

40. An antivenom composition comprising Fab fragments which bind 
spelean, .0 a venom of a snake o, the Crotalus genus and which are essentially free 
*»m contaminating Fc as determined by Immunoelectrophoresis using anti-Fc 
anybodies, and a pharmaceutic^ acceptable earner, wherein said venom comprises 
more than one toxin. 



41. The antivenin composition of claim 40, wherein an antibody source for 
said Fab fragments is IgG(T). 



42. The anft,enin composite, of claim 40, wherein an antibody source for 
said Fab fragments is polyvalent IgGfT). 

43. The antivenin composition of claim 40, wherein said Fab fragments are 
derived from IgG(T). 



44. The antivenin composition of claim 40, wherein said Fab fragments are 
derived from polyvalent IgG(T). 



45. Fab fragments which bind specifically to a venom of a snake of the 
Crotalus genus, and which are essentially free from contaminating Fc as determined by 



fragments is IgG(T). 



« 1*. Pa„ fragments „ daim 45 , where , an anfibody sQurce fw sajd 
fragments is polyvalent IgG(T). 

48. The Fab fragments of claim 45, wherein said F*h f 
fromlgG(T). here,n said ^ fragments are derived 



The Fab fragments of claim 45, wherein said f.k t 
tr , Sa,d Fab fragments are derived 

from polyvalent IgG(T) 
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